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1.0 SUMMARY

As the replacement cost for jet engine components increases and the

average age of the fleet starts to approach the "traditional" design life,

major life cycle cost savings can ,otentially be accrued from a "Retirement

for Cause" (RFC) approach to component retirement. This approach takes advan-

tage of the ability of most members of a population (or "fleet") of engine

components to perfonii safely for several lifetimes longer than the traditional

design life. The traditional design life limit is intended to ensure adequate

fatigue performance of an entire fleet of new components without the benefit

of in-service inspections. The RFC approach is to retire components only when

unacceptable cracking is detected by inspection and to allow the remaining

components to stay in service until periodic inspection identifles an unac-

ceptable crack size. The RFC approach in general is applicable to any failure

mode that can be forestalled effectively with periodic inspections.

The retired TF-33 third stage turbine disks presented to both the Air

Force and the Defense Advanced Research Project Agency (DARPA) a unique oppor-

t -I..t• tO develop an RFC approach using disks that had developed In-service

fatigue cracks. Failure Analysis Associates (FaAA) was supplied with 49 ran-

domly selected retired turbine disks for this project. Each disk had 10 bolt

holes which were susceptible to fatique damage. As will be discussed later,

each, bolt hole had two locations where high cyclic ;tresses caused fatigue

crick initiation: radially inward (RI) toward the bore of the disk and

radially outward (RO) toward the rim of the disk. Each bolt hole was in-

spected by up to five separate inspectors using both conventional and high-

resolution eddy current nondestructive inspection (NOI) equipment.
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Following the NDi inspections, each bolt hole wao mechaitically zid

electrically polished before replication. Each replica was then examined

under a microscope. In total, over 1000 replicas were made and examined in

order to locate and measure the surface crack lengths in each of the 490 bolt

holes inspected. The replicas revealed 847 surface-,.onnected cracks in 230

bolt holes. In the remaining 210 bolt holes, no surface-connected cracks were

found; only four of tne 49 disks inspected were not cracked. After replica-

tion, 28 bolt holes were metalographically sectioned to measure the depth of

56 surface crack indications. The sectioning results of the 56 surface cracks

provided the crack shape information necessary to covert surface crack

lengths measured on each replica into crack depth. Inspection reliability for

both radially inward and outward bolt hole surfaces were then calculated

separately for each of tne three independent Inspections that could distin-

gulsh the difference between RI and RO indications.

In a parallel effort, various RFC analytic'J pro•edures were developed

and tested using Monte Carlo simulation. RFC Procedure No. 1 was a,;terminis-

tic and toWilly uncalibrated against field experience. kFC Procedure No. 2

calibrated each disk by selecting a stress that would Nave beL-n required to

cause the measured crack size at the reported number of cycles. H.),'Aer, RFC

No. 2 was also without memory and therefore could not react to the overall

fleet experience. RFC Procedure No. 3 was not calibrated for each individual

disk according to its measured crack size, but it did use all past field per-

formance knowledge to adjust the allowable cyclic life extension. Thus, the

inspection and analysis team had both the memory and the ability to react and

improve the RFC procedure on an ongoing basis. RFC Proceoure No. 4 wmoblned
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the improvements of RFC Procedure Nos. 2 and 3. Each disk was calibrated to

accoiint fur (1) the stress that would have been required from the rmieaured

crack size, and (2) the overall performance of the fleet. This calibration

allowcd for continuous updating and improvement to the RFC procedure. Through

computer simulation each RFC procedure was evaluated against changes in allow-

able cycle-based safety factor (inspection interval), inspection reliability,

maximuf..m allowable irspection interval, maximum allowable crack size, and cycle

counting errors.

The final task in this project was an RFC specimen verification task

in which 32 bolt hole specimens were fatigue-cycled to failure. Periodically

during the life of each specimen they were inspected using the high-res,.lution

eddy cur-rent probe systems whose reiiability had been evaluated. Three cyclic

stress levels and reasoriable cycle counting errors were incorporated. The

analyst was only given the measuted crack size and the indicated cycles tram

which to determine the -next inspection Interval. The exact cyclic stress and

real number of cycli!s wiere known only to the test engineer. Various RFC pro-

cedures weie evaluated using this laboratory d?ta, The results indicated that

(i) kFC Procedure No. 4 does result In a significant cost savings by extending

the useful life of the specimen and (2) a fleet of only 32 specimens is not

* . sufficient to determine the optimal RFC procedure.

Tiis project has shown that RFC of inspectable components is. very cost

e~fective. Even under actual service conditions and considering actual uncer-

tainties in design, manufacture, usage a,,d maintenance if the optimal RFC par-

,L,.eters have not been selecttd Initially, an experienced-based RFC procedure

(RFC Nu. 4) will tol!rate 'initial estimate urtcertainties and improve with

t i Poe.

1-3



2.0 INTRODUCTON AND MOJECTIVES

MaJor life cycle cost savino..• can accrue from optimum application of

nondestructive inspection (NDI). However, the cost effectiveness of NDI is

strongly dependent upon many diverse factors beyond the specific inspection

process and its uncertainty, sensitivity, and costs. Specifically, these fac-

tors include the loads and environment experienced by the component; the con-

sequences and costs associated with component failure; the quality of the

materiýal; the response of the material to imperfections; the consequences and

costs associated with rejection of a component; the manufacturing, mainte-

nance, logistics, and failure sequence; and the presence of other failure con-

trol procedures and constralrts. The Importance of many of these factors has

been recognized for sere time; however, only recently have these diverse fac-

tors been quantified and integrated Into a methodology for predicting the

overall cost effectiveness of the inspection process. This methodology can be

used to optimize failure control program~s like RFC and to establish meaningful

goals for nondestructive inspection and fracture mechanics development pro-

grams.

FaAA has developed a general methodology for probabilistic assessment

of inspection performance, fracture mechanics, and RFC. Major goals of this

project were to convincingly demonstrate the technical feasibility and cost

effectiveness of olternative RFC approaches and to evaluate the impact of

uncertainty In inpi;v data likely to be enco'intered with actual engirne disk

life extension. It was felt by the Air Force and ARPA that it was important

to refine and apply thii new methodology under ARPA funding to develop and

Vrlfy effective RFC strategies. Furthermore, the retired third stage turbine

2-1



disk from the TF-33 represents a unique opportunity to utilize parts cracked

in engine service to verify the basic technologies necessary for RFC.

The specific objectives of this program were:

1. To estimate the state-of-the-art capability to nondestructively detect
and evaluate fatigue damage in turbine disks

2. To verify techniques for estimating preinspection material quality from
nondestructive observations

3. To establish effective RFC strategies for gas turbine disk life exten-sion

4. To establish the sensitivity of these RFC strategies to uncertainty in
inspection performance, materials performance, disk stresses and usage

5. To demonstrate in a laboratory simulation with bolt hole specimens the
effectiveness of the RFC strategy

2-2

2--

II



I

3.0 FATIGUE tD &E DETECTION CAPABILITY

FaAA had five independent eddy current inspections performed on the

boli; holes of 49 retired TF-33 third stage turbine disks, Figure 3-1. Once

the eddy current inspections had been completed, the actual surface length of

each crack was determined in the laboratory along with the crack depth for a

variety of different surface lengths. The inspection reliability was then

obtained for each inspection using tne actual laboratory crack sizes.

3.1 Eddy Current Inspection

Five independent eddy current inspections of 490 bolt holes have been

performed. Two inspections used the conventional field probe and instrumenta-

tion. Two of the inspections utilized conventional state-of-the-art (SOA)

eddy current probes and instrumentation, and the last inspection utilized a

high-resolution probe and better instrumentation.

All of the eddy current inspections used the same basic procedure.

The sensing element is located at a point on the outside diameter of the

probe. The probe is then rotated as it screws down through the bolt hole.

The speed at which the probe rotates and the axial advancement of the probe

per rotation may vary from one inspection to the next. The amount of probe

advancement per probe rotation is related to the sensing area. As the

magnetic field becomes more con~centrated, and reduces the sensing area, the

probe advancement is reduced to ensure 100% Inspection of the hole. For all

of the laboratory inspections, the directions of the probe's sensing element

was also known as the probe advanced. This additional feature allowed a

distinction between cracks propagating RI and RO.
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Counter Balance Hole

S -Bolt Hole

Figure 3-1 Front View of a Typical TF-33 Third Stage Turbine Disk Showing
the Ten (10) Bolt Holes, Each of Which is Separated by a Counter
Balance Hole.
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The two conventional field inspections were performed at Tinker Air

Force Base using Gulton FD-100 iCispection units. The first inspection was

done using depot personnel on all 50 disks. The second inspection was con-

ducted by Tinker AFB laboratory personnel using only one set of the same

equipment. During this second field inspection, 36 disks were inspected and

the results were recorded on magnetic tape. Data reduction for the first

field inspection was conducted by the depot personnel and data reduction for

the second field inspection was performed by FaAA.

The outside laboratory inspections utilizing conventional SOA eddy

current equipment actually inspected each bolt hole at each of four frequen-

cies (50, 100, 500, and 1000 KHz) using the NDT-15 instrumentation. These

inspections will be identified as outside laboratory results elsewhere in this

report. However, only the results of the 500 and 1000 KHz frequencies were

selected for complete analysis. FaAA personnel performed the data reduction

and analysis of these inspections.

The last inspection using a high-resoiution (HR) Reluxtrol 700-29

CREGtm eddy current inspection system. This probe was constructed specifi-

cally for this project and operated at 5000 KHz frequency. The crack posi-

tion, crack length, and crack signal amplitude data reduction was performed by

Reluxtrol.

In performing these eddy current Inspections, a standard is required

for comparison and equipment setup. BplI hole A of Disk 5T7431 was selected

and used as the standard throughout this study. The only exception to use of

this standard is the Tinker AFB data. All other inspection data were scaled

around the crack within this hole.
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As a crude comparisoii of inspection results before the real crack

sizes were available, the percentage of bolt holes cracked was used. The

depot inspection performed at and called by tne Tinker AFB personnel indicated

that 40.8% (200/490) of the bolt holes have indications. The second depot

inspection performed by laboratory personnel at Tinker AFB and called by FaAA

indicated that 44.4% (151/340) of the bolt holes have indications. The out-

side laboratory inspection performed at 1000 KHz for 41 disks ard 2000 KHz for

the remaining eight disks and called by FaAA indicates that 38.2% (187/489) of

the bolt holes have indications. The high-resolution system laboratory

inspection performed at 5000 KHz frequency indicated that 55.5% (201/362) of

the inspected bolt holes have indications. The high-resolution system results

showed the highest percentage of bolt holes which had indications. Both depot

i.•pections ,,nd the outside ,abouatury irinecLion at 1000 Khfz resulted in

about the same percentage of crack bolt holes.

3.2 Replication and Destructive Sectioning Results

The fatigue cracks that were detected within the bolt holes from the

various eddy current inspections were tightly closed and extremely difficult

to detect using plastic replicas. For this reason, a procedire was developed

to enhance the detectability of these cracks. The details of this procedure

are described below.

Following all of the eddy current inspections, the bolt holes were

first optically inspected and measured. The holes were tien mechanically

polished with 240 grit paper. The 240 grit paper was attached to a rotating

arbor tha. translated up and down while turnine at 17?5 RPM. Typically the
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hole diameter increased by 0.0005 inch during the mechanical polishing. The

bolt holes were then electropolished in a 90% methanol and 10% sulfuric acid

electrolytic solution. The temperature of the electrolyte was maintained at

50C and each hole was electropolished for five minutes. This electropolishing

procedure removed between 0.0005 and 0.001 inch of the diameter, bringing the

total material removed from the surface preparation to less than 0.001 inch,

or less than 0.002 inch increase in diameter.

Once the bolt holes' surfaces had been electropolished, a series of

scribe lines were added to aid in determining the crack locations. Because

each hole has a chamfer on both the front and rear faces of the disk, it was

difficult on the replica to exactly locate either the front or rear edge of

the bolt hole. FQr this reason, two circular scribes were placed inside each

hole, 0.1 inch from the front and rear faces of the hole, as shown in Fig-

ure 3-2. These scribe lines would then be visible on the replica and would

act as depth indicators along the axis of the bolt holes. In addit~on to the

circular scribe line, scribe lines parallel to the bolt hole center line were

added. At the 00 angular position (radially inward) a single scribe line was

%AddA as chn n in wipw AA of Figure 3-2. and at the 1800 angular position

(radially outward) two parallel scribe lines were added, as shown in view BB

of Figure 3-2. These parallel scribe lines are intended to accurately locate

the 00 ani 1800 positions on each replica.

The next step was to make two plastic replicas of each bolt hole, one

at the 00 position and one for the 1800 position. The replica was then

mounted on a glass slide for handling and viewing under the microscope. All

replicas were scanned for cracks at a magnification of 1OOX, and higher magni-

fications were used to examine suspect areas and to separate artifacts from

surface cracks on the replicas.
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Scri be T 50"
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iView A-A 0° Location

Rim
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.10"_ ,

View B-B 1800 Location

Figure 3-2 - Position of Scribe Lines Placed Inside
Each Bolt Hole for Accurate Angular and
Axial Reference Marks which are Needee6
to Record Crack Locations.
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The large cracks were easy to identify after this surface prepara-

tion. Figure 3-3 shows an example of a 0.025-inch-long RO surface crack at a

IOOX magnification. Figure 3-4 shows a large indication. Prior to the intro-

duction of electropolishing, even these large indications were difficult to

find on the replicas. The number of crack indications found on the replicas

as a function of crack surface length is shown graphically in Figure 3-5. As

can be seen from this bar graph, over 87% (738/847) of the cracks found were

j' $ -between 0.0 and 0.100 inch. A distribution of crack length within the 0.0- to

0.100-inch range is shown in Figure 3-6. Figure 3-6 shows the 738 cracks less

than 0.1 inch long, of which 585 we.'e less than 0.020 inch long.

I The dotted line in Figures 3-5 and 3-6 represents a revised population

of crack lengths th~at was determined after reviewing the destructive section-

Ing results which will be discussed next. Through destructive sectioning, we

found that most surface cracks separated by less than 0.040 inch axially on

the bolt hole surface were connected on some subsurface plane. One example of

this is hole G of Disk 4, in which the replica identified two cracks of 0.007

and 0.018 inch in length, separated by 0.040 inch. The destructive sectioning

revealed that these two cracks were connected. It was also observed that when

the separation distance was greater than 0.040 inch, cracks were usually not

connected below the surface. Hence, the revised crack distribution considered

cracks within 0.040 inch of each other on the surface as one crack. This mod-

ification reduced the number of cracks to 620. The dotted lines in Figures 3-

5 and 3-6 show the revised distributions, and indicate that a large number of

small cracks less than 0.020 inch in length were combined to form longer

cracks during this data processing.
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Figure 3-3 - Examp)E Of d 0.0t"5 Inch Long surface Crz-ck Length
Which w's Easily Detected After Elecrtropolishing.
tFagni-.ication lOOX.

K~3.-6
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Figure 3-4 - Large Crack Indication in a Bolt Hole Which Was
Very Easy to Find on the Replica, and Extends
Beyond the Photograph in Both Directions.
Magnification = OOX.
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Following the replication of all the bolt holes to obtain surface

crack lengths, a number of bolt holes were sectioned to obtain the specific

crack depth. Some 56 surface indications found in 28 bolt holes %ere sec-

tioned to obtain the crack aspect ratio for all sizes of surface crack

lengths. Sections were taken through the bolt hole parallel to the front face

of the disk and at right angles to the center line of the bolt hole. The

axial position along the bolt hole center was determined f, rom the replica. If

the surface crack was located some distance from either free surface of the

disk, the first step was to cut with an abrasive cut-off wheel about 0.030

inch from where the creck first appears on the surface. After the cut, the

section was rough polished to the location of interest before final polish-

ing. The final polishing step was with 0.05 micron aluminurmi oxide powder sus-

pended in water. The section was then inspected under the microscope and any

and all craqk information was recorded. To locate the crack in the circuinfer-

ential position, the position of the two longitudinal scribe marks were also

recorded.

Once the section plane had been fully documented, the mount was repol-

ished to remove between Or'? anrd n cf h , ..nch,4 e uponvia s.ur fac l eg t...

of the crack as defined by the replica. The crack information at each pla :e

was recorded, and this procedure was continued until sufficient information

was determined for establishing the crack shape (aspect ratio),

For example, the RI location of hole G In Disk 25 has a 0.028-inch-

long surface crack as revealed by the replica. Figure 3-7 shows the correla-

tion between the surface crack and the crack depth as revealed through sec-

tioning at various levels. The first crack was found 0.564 inch from the
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front face of the disk and was 0.009 inch deep. The next section examined was

0.569 inch from the front face of the disk where the crack depth was (0.005

inch from the first level) 0.014 inch. Three additional planes were examined,

as indicated in Figure 3-7. The maximum crack depth was 0.018 inch at 0.580

inch from the front face of the disk. Pictures of the cracks found on the

four planes are shown in Figures 3-8 and 3-9. Figure 3-8a shows the crack at

3,564 inch; Figure 3-8b shows the crack at 0.569 inch; Figure 3-9a shows the

crack at 0.580 inch; and Figure 3-9b shows the subsurface crack at 0.590 inch

from the front face of the disk.

The replica of hole E on Disk 4 revealed a surface connected crack

0.030 inch long. Sectioning of this hole indicated a crack longer than 0.060

inch, as shown in Figure 3-10, and shows the extent of subsurface cracking and

ht•w the depth of these cracks changes significantly. For example, at the

0.622.-inch plane, the crack starts at 0.016 inch and stops 0.024 inch from the

bolt hole surface. The next plane was examined at 0.628 inch from the front

face of the disk where the crack starts at 0.040 inch and stops 0.057 Inch

fronm tnie bolt nole surface.

oire 2~bol olas were- =1*-n- -----. .rze 5;A SIrfarp 'rrack-

indications. Destructive sections werE chosen to investigate the entire range

of slurface crack lengths found with the replicas. In addition, a limited

number of bolt holes were selected where the replica showed no surface cracks,

but Which were identified to be cracked by eddy current inspection. In these

bolt holes where destructive sections were identified using the eddy current

results, about .50% of the signals were confirmed as cracks and 501 were uncon-

firmed.
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a.
0.564 Inches From

Front Disk Face

b.
0.569 Inches From

Front Disk Face

A.

Figure 3-8 - Disk 25, Hole G - Radially Inward Location, DestructiveSectioning Results. (Front Disk Face is the Irlet Side ofDisk.) Magnification - 20OX
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a. -

0.580 Inches From
Front Disk Face

b.

0.590 Inches From W
Front Disk Face

Figure 3-9 - Disk 25, Hole G - Radially Inward Location, Destructive Sectioning
Results. (Front Disk Face is the Inlet Side of Disk.)
Magnification - 1OOX
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Figure 3-10 - Disk 4, Hole E Radially Inward Location, Surface Replica vs. Destructive
Sectioning Results. Sectioning Shows an Extensive Amount of Sub-surface
Cracks. Magnification - IOOX
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The results of the 725 destructive sectioning planes taken for the 56

surface crack indications are summarized in Figures 3-11 and 3-12. Fig-

ure 3-11 shows the real crack length versus the maximum crack depth, where the

real crack length includes both surface and subsurface length along the bolt

hole axis. In Figure 3-12, the real crack length has been replaced with the

surface crack length, where this surface crack length incorporates the separa-

tion distance criterion of 0.040 inch for combining cracks. The results of

Figure 3-12 were used to estimate crack depth given surface crack length. The

straight line shown in both Figures 3-11 and 3-12 represents a constant crack

aspect ratio (a/c=0.35), which was used by R. J. Hill [2] for his analysis of

spin pit crack growth.

3=3 Conventional Insnection Reliability

In order to make crack length comparisons between the replica results

and the eddy current results, a conversion was needed. Py knowing the approx-

imate sensing area (i.e., spot size) for both the high-resolution probe and

the outside laboratory probe, a conversion was made from the number of consec-

utive probe turns of eddy current Information to crack length for the various

^AAd v-r.. . t incnprtinn. Table 3-1 shows this conversion for the first eight

consecutive turns of the probe and the conversion continues in the same format

beyond this point. The table shows only the three inspection results used in

the investigation. As was mentioned earlier, the other itspection data could

not distinguish between RI and RO cracks within the bolt hole. By distin-

guishing between these two locations, the number of 1/z bolt hole volumes was

effectively doubled.
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The conventional detection/nondetectlon counting analysis was con-

aucted using various agreement criteria which are listed below:

Indication agreement" Eddy current (EC) inspector called an indication
within the bolt hole.

Location agreement: EC inspector called the correct radially inward
(RI) or- outward (RO) location within the bolt
hol e.

Length agrement: EC inspection satisfied the crack location
agreement and sized the correct crack length
within two times the replica crack length and
one-half the replica crack length.

Position agreemeot: EC inspector's cal satisfied the crack length

agree.,ent and called the correct axial crack
position within -i/8 (.0.106) inch of the bolt
hole height (disk thickness).

As previously discussed, a "O.040-inch combining criterion" was used to

obtain the total crack lengths, confirmed by destructive sectioning from

multiple nearby crack lengths measured by surface replication. This combining

criterion was used prior to constructing the population of maximum crack

lengths in 1/2 bolt hole volumes that had been used to generate the inspection

reliability values shown in Figures 3-13, 3-14, and 3-15 for each of the three

inspection teams. These figures represent the inspection reliability as a

function of the precision of the agreement criteria (indication, indicatio~l +

location, indication + location + length, indication + location + length +

position) for selected surface crack length intervals. The general trends of

Increasing reliability for increasing crack sizes and decreasing reliability

for more stringent agreement criteria are present for all three inspections.

The high-resolution inspection appears to have a higher reliability than the

outside lab: atory inspections for all crack length ranges.
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The inspection reliability values shown in Figures 3-13 through 3-15

are a result of using the convention&l detection/nondetection counting analy-

sis with the further requirements of crack length and position agreement. In

this type of analysis, the eddy current signal is counted as a crack indica-

tion if it exceeds a predetermined signal value and is not counted if it is

less than the predetermined value. This counting analysis was used to gener-

ate the reliability numbers labeled indication in Figures 3-1, 3-14, and

3-15. Note that no consideration is given to probabilistic aspect of the dis-

tribution of probe signals for a given crack size in the conventional analy-

sis. This distribution of maximum eddy currer.t signals for a given maximum

real crack size within a 1/2 bolt hole volume is, however, included in the

in'nartinn uincertainty inalysis lDf;\mk which is d4e.e- c js~ u+tc ...4~ this4 k. ._-I . .... .... - ... -j -... . , •

report.

Eddy current inspection reliability decreases if the inspector specl-

ties the location, length, and position of the crack within the bolt hole

volume. This decrease can be attributed to the inspector's inability to cor-

rectly size the crack. As was discussed earlier, most cracked bolt holes have

numerous cracks; therefore it is impossible to know which crack (if any) the

EC inspector is identifying without more specific aereeuent criteril. For

example, it is not very restrictive to ask the EC inspector to identify

whether the crack is RI or RO. However, this restriciJoa reduces the high-

resolution inspection reliability from 58% to 25% for cracks less than 0.010

inch long and from 82% to 71% for, cracks between 0.050 and 0.100 inch lorý.j

The same trend is true for the outside laboratory inspection (1000 KHz). The

1000 KHz inspection reliability is reduced from 35% to 10T for c,'acks less

than 0.010 inch long and from 65% to 46% for cracks between 0.050 and 0.100

inch long.
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The length agreement criteria is more stringent and for this analysis

was based upon Table 3-1. Using Table 3-1 and the acceptance factor of 2 (1/2

to 2) for crack length, the inspection reliability decreases from 25% to 20%

for cracks less than 0.010 inch for the high-resolution inspection, and de-

crease from 10% to 5% for the outside laboratory (1000 KHz) inspection.

The position agreement criterion is even more stringent and depends

upon the Inspector's ability to know when the eddy current probe initially

enters the bolt hole. However, a positioning error of *1/8 (*0.106) inch of

the olt hole means a tolerance of t6 probe turns for the high-resolution

Inspection and -4 probe turns for both of the outside laboratory inspections

to acc-rately locate the center of the crack.

in thib nex;t section of this report, an alternative approach will be

discussed to establish the inspection reliability when multiple cracks are

present within each 1/2 bolt hole. This approach uses only the maximum

replica crack and maximum eddy current signal for each 1/2 bolt hole (1 vol-

ure) for comparison, rather than the multiple cracks and multiple eddy current

sIgnal that was used in the above analysis.
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4.0 INSPECTION LICERTAINTY ANALYSIS

Inspection uncertainty analysis is a statistical procedure used to

express the reliability of an inspection system in a useful manner. The

method of analysis accounts for the uncertainty in the inspection signal by

establishing the distribution of maximum eddy current crack length, a , for

the maximum real crack length, a, in a 1/2 bolt hole volume, which In turn is

used in the following equation for the inspection reliability:

P(R\a) - P(D\a) P(iarej\(a,O))* (4-1)

where

P( R\) probability of rejecing a -/2 bolt
hole volume given that a crack of
length a exists in the volume.

P(D\a) - probability that inspection system
detects a crack of length a.

P(aLarej\(a 0)) - probability that the apparent crack
length determined from eddy current
signals is greater than or equal to
the rejection crack size given that a
crack of length a exists and has been
detected.

As can be seen from equation (4-1), P(SParej\(a.D)) describes the distribution

of eddy current signals for a given crack size after detection has occurred.

The probabil1ty of rejection given a maximum crack of length a is compoed of

See Appendix D for a discussion of probability notation.
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detection and sizing events. Through our data manipulation, the detection and

sizing events have been combined and presented as cne event which can be
represented by Pfa. \a) and cal, be restated as P(iaarepa).

kr eja) Although arej

Is not specified, the inspection uncertainty function P(a\a) had been deter-

mined for all three inspections, and it can be used to develop P(aSarej\a) for

any specified inspection-rejection level, arej.

4.1 Conversion of Eddy Current Signals to Crack Length (inch)

Prior to establishing P(•\a), the eddy current crack length in inch, $,

has to be defined in terms of the inspection signal outputs of numoer of probe

turns and voltage amplitude (percent calibration scale). To this end, a non-

linear regression analysis was used to correlate the maximum real crack length

found by replication within a 1/2 bolt hole volume to both the number of probe

turns and voltage amplitude for the maximum eddy current signal recorded with-

in the corresponding bolt hole. For the high-resolution inspection results

and real surface crack lengths below 0.100 inch, there appeared to be a

stronger correlation between crack length and voltage amplitude than between

crack length and number of probe turns. This stronger correlation was analyt-

ically confirmed by the nonlinear regression analysis. For both outside lab-

oratory inspection results, the nonlinear regression analysis resulted in

neither turns nor voltage amplitude as being preferred for small crack

sizes. The number of turns was therefore chosen in the nonlinear regression

analysis to compute S.

The following best fit equations represent the strongest correlation

to convert the inspection results to surface crack length:
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Outside Laboratory (500 KHz) Inspection

$- 4.68 x 10.3 (Turns) +466 + 7.89 x I0-3 for Turns 3 (4-2)

Outside Laboratory (1000 KHz) Inspection

= 6.64 x 10- (Turns) 1 . 3 4 2 + 8.07 x 10- 3 , for Turns >3 (4-3)

High-Resolution Inspection

[ - - 2.38 x 0 (Turns [ +3.5 1 +

_ _-T u r n s l Fo 

=

e48x 104 (AMP) + 6.59 x 10- 3, Turns > (4-4)

hote that fo, the high-resolution inspectlon, the bracketed expression

Involving amplitude will dominate for eddy current signals with a low number

of turns (c5.85 turns) whereas the bracketed expression involving turns will

dominate for eddy current signals with a larger number of turns (z5.85

-Turns

turns). The eT8 5  terms provide for a smooth curve fit In the vicinity of

5.85 turns. Examination of equation (4-4) at the point where no eddy current

signal was observed (Turns-O, Amp-O) results in a crack length of 0.0066 inch

instead of ,ero. This value is a result of the extrapolation performed by the

regressioi analysis and it does not imply that 0.0066-inch cracks were assumed

present with nu inspection indication. In fact, when Turn < 1 the apparent

crack size was assumed zero. The same is true for both outside laboratory

results. Equation (4-2) for the outside laboratory (500 KHz) results indicate

a a 0.0079 inch when turns - 0 and for the outside laboratory (1000 KHz)

results, equation (4-3), Indicates a - .0081 Inch when Turns - 0. In both

cases when the nui;)er of Turns was less than 3, the apparent crack size was

assumed zero.
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In the next step of the analysis, equations (4-2), (4-3), and (4-4)

were used to generate the apparent crack size a. This apparent crack size was

obtained by substituting the measured signal responses of probe turns and/or

voltage amplitude into the appropriate equation. Figures 4-1, 4-2, and 4-3

show the results of this substitution and indicate apparent crack size, a,

versus real crack length, a, for the high-resolution, outside laboratory (600

KHz) and outside laboratory (1000 KHz) inspections, respectively. In each of

these figures a line labeled exact correlation is shown which represents a

one-to-one correspondence to observed eddy current crack lengths and repli-

cated crack lengths. A generally expected trend, which can be seen in Figures

4-1, 4-2, and 4-3, is that less scatter (in terms of percent error in esti-

mating a) is observed in a as a approaches larger crack sizes. This trend is

a result of the nonlinear analysis because the regression was ininim.rized on

crack length differences. It could also have been minimized on percent error

instead, however, for the TF33 RFC analysis, sizing of large cracks is more

important than sizing small cracks.

After establishing ; versus a for the 3 different inspectors, the

frequency function P(a\a) was estabiished by tak•in selected real crack length

SIntervals and establishing the distribution of a within the intervals.

4.2 Establishing P(i\a)

The distribution of maximum apparent crack size, a, given a maximum

real crack of length, a, in a 1/2 bolt hole volume was established from the

* results shown in Figures 4-1, 4-2, and 4-3. Vertical slices which represented
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real crack length intervals were selected, and the cumulative frequency dis-

tribution of the ratio of S to a was tabulated and plotted on Weibull proba-

bility paper. Figures 4-4, 4-5, and 4-6 are representative plots of the cumu-

lative distribution, P(a\a), for the real crack intervals of 0.001 to 0.010,

0.040 to 0.060, and 0.100 to 0.200 inch, respectively, for the high-resolution

inspection. A few items must be mentioned to help interpret these figures.

Taking Figure 4-5 as an example, an abscissa value of a/a=2 implies that given

a real crack of length 0.050 inch (i.e., which lies in the interval

0.040<a<0.060 inch), the apparent crack length observed by the eddy current

inspection would be less than twice that (or 0.100 inch) 82% of the time. The

circled data points on these figures indicate cracks within the 1/2 bolt hole

volumes which went undetected (S=0) by the high-resolution eddy current

inspection. Although nondetection poirnts are plotted according to equations

(4-2), (4-3), and (4-4) with S-0.0066, the nondetection points w;11 be input

as j-0 in the RFC procedure. In Figire 4-4, the detected and nondetected

crack sizes overlap while ine Figures 4-5 and 4-6 there is a sharp delineation

between detection and nondetection. For example in Figure 4-5, the probabil-

ity of not detecting a crack in this interval is about 50%, and in the 0.100-

to 0.2UO-inch crack length interval sunmarized by Figure 4-6, the nondetection

probability is about 10%. Given an actual crack length of between 0.040 and

0.060 inch, 90% of the time the apparent crack size will be less than 2.5

times the real crack size, i.e., a/a42.5. Similar results have been generated

for both of the outside laboratory inspections.

Several trends can be seen for the high-resolution inspection uncer-

tainty by comparing Figures 4-4, 4-5, and 4-6, which is similar for the other
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*m1fr

two inspections. First, the probability of detection increases as the real

crack size increases. Second, the distribution of apparent to actual crack

sizes, a/a, Is tighter as the cracks become larger. Furthermore, for small

crack lengths (0.001 to 0.010 inch), the eddy current signal tends to oversize

the real crack length more so than for larger real crack lengths on a percen-

tage basis. This may in part be due to the regression analysis used to estab-

lish the eddy current crack length, a.
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5.0 PRE-INSPECTION MATERIAL (WJA.ITY

The pre-inspection material quality hae. been determined from the dis-

tribution of eddy current signals for each inspected 1/2 bolt hole volume.

This probable number distribution of apparent crack lengths is denoted as

pn(i) and is used directly to obtain the real crack length (probable number)

distribution, pn(a), by deconvolution (solving for the Integrand) of the fol-

lowing integral equation.

00

PN(a)- pn(a) P(D\a)pd(a\D,a) da (5-1)

Pd(a\a-) Pd (a-\a) (5N1A

PN (a)]

where

pn(a) = distribution of apparent crack lengths

Spn(a) - distribution of real crack lengths

P(D\a) = probability of detection given a crack of length a

pd(a\Da) * probability of the apparent crack size, a, being a cer-

tain size given that a crack of length a exists and has

been detected.

P(D\a)* and pd(a\(Oa))* have been determined for the three laboratory inspec-

tion by the method discussed in Section 4.2. These two distributions, along

with the apparent crack distribution, pn(a)* will be used to predict the pre-

inspection flaw frequency for the TF33 disk bolt holes. This methodology for

* These formulations are actually expressed in terms of cumulative frequancy
functions. Thee arious distribution functions can be related through
pd(x) pN(x)/j N(x)dx - d(PD(x))/dx.
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estimating the defect distributions will be verified by comparinlg the pre-

dicted defect distribution with the actual defect distributions measured from

-replication and destructive sectioning.

5.1 Pre-inspection O4terial Quality From Solt Hole Replication

The actual pre-inspection mateMiai quality defect distribution has been

determined from the results of the destructive sectioning and surface replica-

tion. The defect distribution for the 1/2 bolt hole volumes Inspected by the

high-resolution system (744 total 1/2 bolt hole volumes) is shown by histogram

in Figure 5-1. RI and RO cracks are represented by solid and dashed lines,

respectively. Note that there were significantly fewer uncracked RI bolt

holes (126) than uncracked RO bolt holes (219). Figure 5-2 is a cumulative

frequency plot of pD(a), the data in Figure 5-1. This cumulative plot shows

that 90% of the RO cracks are less than 0.020 inch In length, 90% of all RI

cracks are less than 0.400 inch, and 50% of all RI cracks are less than 0.010

inch.

A similar cumulative frequency plot of pD(a), obtained from destruc-

tive sectioning and replication results of the 1/2 bolt hole volumes inspected

by the outside laboratories (978 total 1/2 bolt hole volumes) is shown in

Figure 5-3. In comparing Figures 5-2 and 5-3, the only significant difference

in defect population occurs at the smaller crack sizes.

5-2
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5.2 Apparent Crack Distribution, P0(i)

The cumulative distribution of apparent crack size, PD(i), has also

been determined for the high-resolution and the two outside laboratory inspec-

tions. As mentioned previously, i values were generated by a regression anal-

ysis on eddy current signals. The results of cumulative frequency distribu-

tion for, Pd(i) for the high-resolution and outside laboratory (500 KHz) In-

spections are shown in Figures 5-4 and 5-5. By comparing these two figures,

it is seen that the high-resolution inspection identified a smaller percentage

of the bolt holes uncracked than did the outside laboratory inspections. For

the RI location, the nigh-resolution inspection identified 48% as being

uncracked, whereas the outside laboratory (500 KHz) inspection identified 63%

as being uncracked. For the RO location, the high-resolution inspection iden-

tified 86ý as being uncracked, wereas the outside laboratory (500 KHz) in-

spection identified 95% as being uncracked.

The cumulative frequency distribution for PD(a) and PD(i) for the

various inspections can be compared using Figures 5-2 and 5-4 for the high.-

resolution Inspection, and Figures 5-3 and Figure 5-5 for the outside labora-

tory (500 KHz) inspection.
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6.0 ECONOMIC EQUATION DEVELOPMEN1

The costs associated with various decisions is an important aspect in

evaluating which RFC procedure is best. It is the relative cost that is most

important, not the absolute cost. For this investigation, FaAA collected cost

information on disk inspection, disk replacement, and diak failure in ser-

vice. The cost to inspect this third stage TF-33 disk was established at

$200, and disk replacement cost was established at $7,500. The design life of

this disk was established at 750 cycles, therefore for every extra cycle

obtained from a disk, a cost benefit of $10 was assigned (i.e., $7500 per

additional design life). There was no defined cost information on TF-33 disk

failures available from the Air Force. FaAA has used $2,000,000 as an average

failure cost. This cost assumes that most disk failures destroy one complete

cost is $750,000).

important. A disk failure costs 267 times more than a disk replacement; a

disk inspection cost is only 3% of a disk replacement. Based on these costs,

inspections can be analytically performed relatively inexpensively and disk

failures should be avoided. These cost estimates were used in all RFC proce-

dures to evaluate the economic impact of the different procedures. During the

RFC verification task of this program, these costs were reduced to encourage a

higher failure rate. Reducing the cost of failure permits worst-case tails of

the probability distributions to be evaluated with a small number of speci-

mens. The actual costs used are discussed in the verification section of this

report.
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7.0 TASK V - IURETENT-FOR-CAUSE STRATEGY OPTIMIZATION

Analytical development and evaluation of alternative RFC strategies

was accomplished using inspection reliability data generated within this pro-

ject. The following accomplishments were completed:

1. The fatigue crack initiation and growth behavior observed in the 49

disks inspected in this program was analyzed.

2. The observed variability in fatigue cracking of the 49 disk popula-

tion, or "fleet," was represented and simulated on the computer using

Monte Carlo simulation software (see Appendixes A and B).

3) The reliability of the three actual inspection procedures, discussed

previously, and a fourth hypothetical procedure far superior to the

three real ones, were also represented and simulated on the computer

in a form that allows great generality in simulating Inspection

uncertainty.

4) The RFC procedure was greatly improved and recoded Into simulation

software.

5) A comprehensive RFC program was developed to quantitatively evaluate

alternative RFC procedures when applied with the actual variations

and uncertainties demonstrated by the data generated in this pro-

gram. The computer code has been named PERFCT, Probabilistic

Engineering Retirement For Cause Tester. PERFCT Is documented in

Appendix B and meets all major objectives of the computer program

REFRECH.
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6) PERFCT was run extensively to produce a broad parametric study of th.

alternative RFC procedures. It identifies the strengths, benefits,

and weaknesses when applied to actual service conditions.

This stijdy addressed the RI bolt hole cracks that control the life of

the TF-33 disk. More complex RFC procedures might consider simultaneously

more than one type of failure location within the disk. However, the RFC

methods optimized here, which consider only one failure mude at a time, is

applicable to may of the engine components that are candidates for RFC.

7.1 Analysis of the Forty-Nine Disk Fleet Inspected

The fatigue life prediction model for these TF-33 third stage disks

was first developed deterministically and is presented in Section 7.1.1. The

spin pit results reported by Hill (2) were compared with our fatigue crack

growth model. This model is then extended to include crack initiation; the

final deterministic life model is then compared with the field disk data in

Figure 7-3. Our extension of the deterministic model to a probabilistic

model, which is again compared to the field data in Figure 7-4 is given in

Section 7.1.2. The fatigue parameters which were used to simulate probabilis-

ticaily the field data are discussed in Section 7.1.3, and the probability

distributions for cycle counting errr s are presented in Section 7.1.4.

Methods for simulating the impact of the cycle counting errors on fatigue

crack growth predictions are given in Section 7.1.5; the eddy current inspec-

tion pprformance simulation in terms of inspection uncertainty is discussed in

Section 7.1.6.
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7.1.1 Deterministic Analysis

In order to analyze the disks, formulation of a fatigue model that

would describe the key aspects of crack propagation and crack initiation was

necessary. Figures 7-1 and 7-2 represent the results of our crack propagation

analysis and demonstrate the agreement between this anclysis and a spin pit

experiment(2). To minimize computing costs, these analytical results (Figures

7-1 and 7-2) were subjected to a regression analysis to produce closed-form

equations that can be utilized in the RFC computer program. One regression

equation which provides an accurate fit to the data is

C_ .585

Np . (1.50 + log ac)- (7-1)
p

where

Np = life in cycles to propagate a crack from size (length) ai=0.031 inch*

Cp = 12,000 cycles, a constant

a x dimensionless ratio of the "actualm bolt hole nominal stress to the

nominal stress experienced by a bolt hole in the spin pit experiment

(Figure 7-1) reported by Hiii CZ)

ac = critical crack length (inches)**

• Because of roundoff, the size is actually 10" 1 .5=.0316"-a 1

** Assumed to equal the crack depth d times 2.857 (i.e., 1/aspect ratio).
This "aspect ratio," 0.35, was assumed to be constant during all stages of
crack growth - an assumption whose modification to account for variations
In aspect ratio in accordance with our sectioning results did not
substantially change the analysis.
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"The critical crack length (ac) relationships derived from our using

BIGIF (3) fatigue c.rack growth analysis were also subjected to regression

analysis to obtaiN

2 -64-2
ac 1.4 (Kc /K cu/o) inches (7-2)

for the range 0.125 < ac < 3 inch,-es

where

Kc= the critical stress intensity factor fracture toughness for the

bolt hole in ksi/i-n.

Kcu = 110 ksl 1Tiif the value of Kc used in the BIGIF analysis.

The exponent 2.64 'in equation (7-2) differs from the exponent 2, which corre-

sponds to uniform stress because of the radial stress gradient in hoop stress

caused by both the bolt hole stress concentration and the increasing nominal

stress as the bore is approached.

We have less definitive basis for selecting the equation to reflect

fatiLue crack iiltiatoIon of a crack 0.031 inch long. However, as a basic

reflection of the 4000-to-6500 cycle range for the manufacturer's original

design life, and from our own experience of the dependence of fatigue initia-

tion life It upon stress at operational temperatures less than 7000 F, for

wrought nickel alloys, we have used

C Ni - -•(7-3)

wher2

Ci 4000 cycles
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Clearly, analysis of additional fatigue initiation data would

improve this initiation prediction; however, the results that follow show that

the precise form of the equation used to simulate the Initial occurrence of

cracks is not critical to evaluation of the RFC procedure.

The crack initiation and propagation equations (7-1) to (7-3) can be

combined into a single equation for total fatigice l!fe.

, Nf N+N =--400o + 12000 50 + log 1.4(Kc/1100)2(6414)

where Nf total number of cycles to failure.

Furthermore, the nurber of cycles, N, required to cause a crack of

any -sze, e. greater than 0.031 inch is

14000 12000[.0+lga .585N(a) - N r +-- [1.50 +log . (7-5)

~3.04La

Finally, Equation (7-5) solved for a as a function of the number of

cycles (N > Ct/ 6 )

a 1019 a

where

log a 3 [NCi/06 -1.50 (7.6)
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Equation (7-6) is plotted in Figure 7-3. Clearly, this equation predicts

lives that are tar longer than the majority of the 49 disks. The fleet is

subject to high scatter and extreme lack of correlation between reported life

cycles and crack sizes, as previously described. Because many of the 49 disks

were characterized previously as rejections and have large cracks at relative-

ly low numbers of cycles, they are undoubtedly not representative of the

entire TF-33 fleet, which is supposed to produce few (if any) cracks of 0.031

inch or larger within the design life of 4000 to 6500 cycles. Therefore, we

reduced the numerical coefficients in equation (7-6) to Ci = 2500 cycles and

Cp = 9590 cycles to provide a slightly better mean-life fit to the data

(Figure 7-3). Since the life of a disk is governed by the shortest-lived of

the 10 bolt holes, the dashed curve in Figure 7-3 is included to represent the

expected performance of a typical disk. The scatter about this (dashed) mean-

life regression line is still, of course, enormous and can't be used to

support any mean trendline. This demonstrates the importance, while simulat-

ing a highly variable fleet of disks, of selecting appropriate probability

distributions of key input parameters. The selection of these probability

distributions is discussed in detail below.

7.1.2 Probabilistic Aayis

In order to express the data in Figure 7-3 in a form suitable for

simulatiow by the Monte Carlo method, it was useful to calculate an "inferred"

nuftber of ,ycles to failure for each dis.. The inferred life-to-failure cal-

culation is complex but is equivalent to adjusting the coefficients Cp and CI

so that an equation of the form of equation (74) goes through the data point

(a, i) on Figure 7-3. Table 7-1 shows the raw data for the RI cracks
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and the resulting inferred life calculation for the 49 fleet disks. Figure

7-4 is a plot of the cumulative probability distribution of this inferred-life

data (the curve in Figure 7-4 will be explained further in Section 7.1.3

below). As can be seen in Table 7-1, the inferred lives-to-failure have enor-

mous scatter ranging from 2174 cycles for Disk 26 to cycles in excess of

30,000 for disks in which no cracks were found or cracks less than 0.031 inch

were found (e.g., Disk 47).

There are many sources which can contribute to producing these

observed statistical variations. Major possible sources are:

1. Stress variations from disk to disk. This was rejec~ed as the major

source of variation although a significant amount o" s,:ress varia-

bility is simulated as discussed below.

2. Error in measuring the real crack size a due to difficulties of

replication and the necessity of sectioning bolt holes that showea

significant amount of subsurface cracking. Thus, errors ir the

effective crack size listed in Table 7-1 could easily be contributing

to the variation in the resulting inferred-time-to-failure distribu-

tion of Figure 7-4.

3. The observed variation in our fleet of 49 rejected disks could be

greater than expected or than represented by the total fleet of TF-33

disks because of both inadvertent and intentional methods of disk

selection for this program. It seems clear from the majority of the

disks examined that some of the parts belong to the worst of the

TF-33 reject population, especially Disk 26 with its 0.6-Inch crack
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Table 7-1

SALIENT DETAILS OF SIMIJLATED FLEET OF DISKS

Maximum
Radially Inward Inferred Nmber
Crack Length in of Percalved

Dii•k Pte.cetvoJ Ton B~olt Holes, Cycles-t.ID_# Serial T C N a (inches) Failure ( tL

1 060382 2135 .139 3361
2 o0471 6471 .044 19545
3 4079 3995 .113 6236
4 K1M7 $814 .566 6695
1 1R0836 4374 .542 49986 OV0041 4111 ,709 4448
7 V0•386 4758 .325 O97
8 4V0401 4461 0.000 >263389 O09403 6205 .135 10229

10 4V1078 5600 .086 1098311 0V1101 4451 .270 5942

12 IR2846 4724 .085 930813 11R2874 fi215 .326 6700
14 11R290 8034 .175 12281
15 1SM83 5789 .113 10147

16 1T21 5524 .775 7146
17 M2418 3611 .110 633918 2S3780 3M8 .071 7302
19 2S,?,7L9 44.15 0.000 > 2"- -
20 3N)757 V095 .017 >29410
21 465001 1303 0.000 >9233
2Z 4P8343 50% .012 >2957923 4S4933 3551 .006 >21684

24 45820 5690 .118 98178
25 4Y6881 6404 .039 22234
26 5T7431 2D49 3605 2174
27 ST3457 6116 .5743 6719
28 5Y9177 37 .007 >19225
29 31747 5785 0.000 >3304230* 6P6124 2807 Nt/A

31 6P6127 2S75 .055 12848
32 614839 6442 .505 7629
33 658135 247S .017 >18168
34 GS8257 5273 .018 >32618
35 65,m14 64038 .626 6W40.36 6S834 49)39 .378 6127
37 528355 5875 .574 6761
38 SKIS06 2037 .412 336339 oasi1s 2972 .015 >18620

40 95047 4374 .002 5041141 006748 2675 .036 12142
42 8PS147 3939 0.000 >23650
43 8S1548 4817 .016 >2725944 V

46 9im•? 5720 .003 >32571
47 M1 144 6478 0.000 >36401
48 9R,287 3370 .464 3916
49 9S0788 4517 .437 $411
so 9S1148 1800 .046 5489

* Disk #30 was not Inspected and has been excluded from the simulated
"fleet".
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length at only 2049 reported cycles. Although we suspect that most

of the disks were rejects, clearly some disks could be from the typi-

cal or even the superior part of the TF-33 population, such as Disk

47 which shows no evidence of cracking at 6478 reported cycles. This

heterogeneous mixture of disk cracks is very useful for evaluatina

the inspection reliability for many crack sizes. However, disk

selection to provide enormous variety for the inspection evaluation

will obviously overstate the fatigue scatter expected in the entire

TF-33 fleet of over 1000 engines.

4. The last significant source of uncertainty could be systematic or

random errors associated with estimating (with N) the number of

.tnm vlaNmna~ne% h ivr in the fleet. in informa
discussions with Air Force personnel, we learned that very rough

rules of thumb have been applied to estimating cycles such as (1) the

multiplication of the number of training hours by 3 to estimate

training mission cycles and (2) the multiplication of the number of

operational hours by 1/3 to obtain an appropriate estimate of disk

cy. ' as.• C l U I1. I lifeJ fl l•O I•l• •• Q I I| I) %. GI I I-|=l l g • ll I I

estimated cycles per mission and the lack of more specific criteria

for counting cycles suggest that relatively large errors can be made

In counting cycles. In describing this type of error, we define N as

the actual number of cycles and N as the estimated number of cycles

and consider the ratios of N/N. We believe that this cycle-counting

error iay be the largest source of variable, and we use it below as a

curve-fitting parameter to simulate the actual fatigue performance

variability shown in Figure 7-4.
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7.1.3 Simulation of Fati.ue Performance of the Forty-Nine Disk Fleet

All numerical probabilistic work in this report was accomplished

using the Monte Carlo method (Appendix A). The Monte Carlo method is used to

select values of input random variables from their respective probability dis-
I tributions and to insert those values into an equation for computation of

tme-to-fai lure, crack size, or any other value of a needed dependent random

variable. Each computed value is called a trial. In general, each trial is

different because the Monte Carlo procedure selects different input values

from the probability distribution. With enough trials, the probability dis-

tribution of the dependent variable can be computed accurately.

The input random variables used are: (1) Ci, Cp, Kc, and a/d each

of ,vhich vary randoemly for eacrh of the 10 bolt holes in the disk and

(2) o and N/N, which vary randomly-from disk to disk.

The curve in Figure 7-4 shows the result of a successful Monte Carlo

probabilistic regression of the disk time-to-failure. The predicted distribu-

tion of time to failure is in excellent agreement with the actual disk service

experience, especially up to the 70th percentile of the reported time-to-

failure distribution. Although a better fit could have been obtained above

the 70th percentile (30% cumulative survival probability) by using input dis-

tributions with discontinuous frequency functions, this was not considered to

be necessary to produce simulated populations which behave like the 49

disks. None of the RFC-simulation fleet failures come from above the 70th

percentile, and the simulated values of life, which are all greater than

20,000 cycles, are large enough to represent disks that could be used for the

entire useful life of the engine.

7-14
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The life equation has been given before but is repeated below for

convenience:

=i + 1.5 + log a 585 ()
3f 6 3.0"4 a

The variability in the fatigue initiation "constant" Ct is represented by

Ci = LGAU (4000, 0.35) (7-8)

0or

log Ci = GAU (3.602, 0.35) (7-9)

where both equations are our shorthand notation for the statement "log Ci is a

random variable from the Gaussian or normal distribution with median 3.602

(log 4000) and standard deviation 0.35 inch. Appendix A explains how the Ci,

or any other, probability distribution is simulated within the Monte Carlo

method by selecting, at random, a value of the variable from its probability

distribution. The 0.35 scatter parameter represents a 7.9-fold average dif-

ference in the time to initiate a 0.031-inch crack between the earliest and

latest crack in a 10-hole disk. As learned from the detailed simulation

results, this degree of scatter translates into a similar order-of-magnltude

difference in crack sizes between the bolt hole with the smallest RI crack

* length and that with the largest RI crack in the disk. Such crack length var-

iation has been observed for typical disks in which all holes are cracked,

71
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Thus, the 0.35 value in equations (7-8) and (7-9) -bvce* can be said to repre-

sent the observed hole-to-hole vYriation of crack size actually experienced in

moast of the 49 disks, Furthermore, the 0.35 value is not inconsistent with

ti.at whicn the authors and others (e.g., (4)) have encountered in previous

probab-listic investigations of crack initiation scatter in nickel-based and

steel alloys.

The varlatiorn of two fracture-mechanics-related parameters has been

simulated. First, tha crdck propaaition constant, C , is modeled with the log

nurmal distributinh given below:

log Cp = GVU (log 9560, 0.12) (p-10)

ip

-~• .12 value, i-, Pqti-H,•v .-nnr0i;t~nt with extensive uncublished Pratt and

Wwiitney Aircraft (P&WA) studies, done by an author on Incoloy 2o1 ard similar

materials, of crack g9uCtI variations in bolt hole specimens. Fi9ure 7-5 con-

trasts the assumed variability for time to crack initiation with that of crack

propagation.

Disý-to-disk stress variation is simulated with th2 normal distribu-

tion:

GA• 4U (1.0, 0,1), (7-11)

• The orupagatlon rate scatter of C also influences the hole-to-hole
variation in crack size but, becaus:e crack has to initiate before it can
grow to aiiy size, not as iI,"ch as does the larger C1 scatter.
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which translate-s to a 1Q2X "cueff-,clent of variation," a degree of stress vari-

ability that • s reascinably '1 aroe.

tThe critical stress iit.risity faftor' or fracture toughness, K•. is'1 simuuI ateci wilh, 1;he probability distri but.i on

K ý, GAU (110 ksi ,ri'/, 16.5 ksi 41H) (7-12)4 -

The implied 15% coefficient of variation is cansidered to be realistic-to-

large ba..ed on owur prpviouw experience for data far from the transition tem-

perature.. This value can 1)•4. ifproved arid updated if toughness and critical

crack size information becoies;n available. The 110 ksi v9-6 value is probably

low as a mean toughness but hlas been chosen to reflect the rapid increase of

stress intensity factor during traisit.ion fr-om a partial- to a through-

thic(.kness crack. This increase wzas not exp'licitly modeled in the BIGIF

runs. The most irmportant overall effect of the corbination of two conserva-

tive values in equalion (7-12') and the coefficient of variation used in equa-

tion (7411) is to produce very occasinal cr'itical crack leigtqts of only 200

to 2b() mils, whici' may be compared with a thickness of b50 mnils. This range

corresponds to critical crack depths of only 57 to 71 mils. It is not sur-

prtsing that manky of the failures encountereo in the simulatkion had critical

crack sizes in these ranges. While these ranges are believed to be unrealis-

tically low, they were not altered in order to test the RFC procedure more

stringently. Thus, In the studies described below, it is bzlieved ti'at two

worrisome effects have been at least partly accounted for implicitly: (1) a

rare high-stress mwaneuver and (2) an occasionally brittle material heat such

7-18
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as might be characteristic of the hWIher-strength alloys used in the F-l00

engine.

7.1.4 Simulation of Usage Estimation Errors

After a series of trial-and-error Morte Carlo runs devoted to curve-

Sfitting the data in Figure 7-4, the probability distribution chosen to simu-

late errors in cycle counting was calculated to be

1o9 (N/N) GAU (0., O0.G) (7-13)

By coincidence, this distribution, necessary to match the fatigue performance

of the 49 disk.s, is identical to thst used in (1) to simulate large c)cle

countir',n errors.

Although the datO inpu- to the simulatlcn represents our best cur-

rent ýnawledge, thie sources of data and degree of confidence in each 5pecific

probability distribution vary markedly. However, the important point is that

all the probability jistributions, when combined into a disk life simulator-,

reproduce accuritely the observed performance of the fleet, as shown in Figure

7-4.

Wh;le it is possible that equally §.od fits could have been obtained

with other combinations of specific probability distributions, it can be

I• deitonstrated that PYC effectiveness and the evaluatian o0g the RFC procedures

is primarily a function of the time-to-rejactahle c,'ack size and time-to-

failure probability distritution!-, used to simulate the fleet and not the exact

statistical character of any mnc individual paramaer (such us the scatter of

fracture toI ghoiess or stress).
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Although the 49 disks analyzed show far more scatter than does the

full TF-33 fleet, we have simulated the highly variable behavior of the 49

disk fleet in order to test the RFC procedure under the most difficult condi.-

tions justified by data acquired in this program.

7.1.5 Specific Simulation of Crack Growth

So far, we have presented all information needed and used to compute

the times to failure for the simulated disk populatiorn. However, one addi-

tional item should be discussed to complete the description of the fleet fa-

tigue performance simulation. That item is the capability to simulate the

real crack size, a, at any given ý, where N_ is the perceived amount of

cyclic exposure at the time of inspaction. Simulation of "a" is accomplished

by the following:

1. For a given inspection tire at i perceived number of cycles N, select

a value of ;/N from the appropriate probability distribution (Equa-

tion (7-13)) in order to simulate the actual number of cycles N.

The N/N "cycle-counting uncertainty" has been characterized in three

ways:

a) Select a different N/N for each inspecL'io,, which would s-mmul.te
the case of a disk taken from one engine and placed in another at
random (type I error).

b) Select a single f w N/N for the first inspection and multlply It
by a new N/N for eac, subsequent inspection (type ? error).

c) Use the same N/N ratio for all inspections-simulating a constant
error factor during the entire RFC process (type 3 error).

i. Knowing N and the other relevant randot varfiables

(Ci, Cp, and a), compute, a, from equation (7-6).
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3. R�peat step "2" for each of the 10 bolt holes in the disk.

These three steps simulate real craýk sizes in each bolt hole0  The

next step is to simulate the inspection uncertainty in detecting and sizing

each of these cracks.

7.1.6 Simulation of Uncertainty nf Four InsUect'jon Procedures

The p\rformance of three inspection procedures (high resolutlon

probe, outside lab (500 KHz) and outside lab (1000 KHz)) have been character-

ized by means of general, empirical* probability distributions of the

ratin rk/a fnr uarinii rannac nf. a; n ad.•tlinm to the thrn rfr1 colt nf en

spection uncertainty data, a fourth artificial set, representing a }Iypotheti-

cal dramatic improvement in inspection reliability, was also examined.

7.2 RFC Procedure Developmeat and Julapleiuation

The general RFC philosophy which directed the development of the four

11CC n.'~nrAa.rac ic nrcýeantnA 4n Cn,.4^n 1 s +6r,. -nl.9.ntA44ea

the four RFC procedures are presented in Section 7.2.2. Most of the ana-

lytlcal details are common to all RFC procedures as discussed below in

Section 7.2.1.1. Following this, the differences ariong RFC procedures are

summarized (Section 7.2.1.2) and detailed (Section 7.2.2). Finally, four

recommended improvements are identified at the end of Section 7.2.2.

A plecewlse-Weibull characterization of the inspection uncertainty it used
to obtain full generality. For details, see Figures 4-4 through 4-6,
Section 4.2, and subroutine DAHAT in Appendix B herein.
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7.2.1 Develo~ed RFC Procedures

7.2.1.1 Details Common to All Investigated RFC Procedures

The RFC procedures considered and developed in this project have

several commonalities. First, they assume that the fleet's engines are pro-

duced and released to service as a series of "subfleets." All components

(engines) in a subfleet are introduced at essentially the same (calendar)

time. Although only one critical ccsnponert, in this case a disk, is simulated

per engine, that component can have several nominally identical structural

details which arl sitres for cracking, inspection, and failure. For most of

the study, it i.• assumed that the engine life is seven times the "design life"

of the critical c(;mporlent belng considered and that inenarcinn occr .... y

at integer multipTes of the design life. In other words, each engine will

have a disk inspected, &nd possWly replaced, between one and six times. This

means that, by definition, without HFC six replacement parts will be required

over the life of each engine. The goal of RFC is to decrease the large number

of replacements with a minimum of cost anG of failures.

7.2.1,2 Differences Amorq investigated RFC Procedures

Four general types of RFC procedures developed and evaluated in this

study are given In Table 7-2. The key differences among the procedures are

the use or lack of use s.. two sou~rces of "feedback" or 'updates" from in-

service inipections and historical date. As seen in Table 7-2, the two

sources of feedback cosidered are (,) use of neasured crack si-er • revise
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4

the estimates of stress for each individual disk in a deterministic manner and

1 (2) periodic statistical analyses of the "actual/predicted" time-to-failure

probability distribution demonstrated by the global fleet of engines. Major

features of the four procedures are summarized in Table 7-2 and the steps

followed in each procedure are detailed below.

7.2.2 Simulation of Four Alternative RFC Procedures

1. Simulate each inspection process for each of 10 holes in each simu-

lated disk by computing the inspection's uncertainty (represented by

the ratio (a/a) from the appropriate piecewise Weibull distribution

for the actual crack size, a, present in each hole. This hole-by-
hole s-minulation allows great generalityý in reflecting such real

ssenarios'as the lack of detection of a crack in one hole that would

have failed the disk in a few cycles but rejection of the disk due to

a much smaller crack that was oversized in another hole. A less for-

tunate scenario would be to undersize the two leading cracks in the

disk and size any other cracks in the disk in such a manner that the

disk is marginally acceptable. The simulated RFC procedure and fleet

performance could then alloyw the disk to be put back into service

where a failure could take place. The use of the multiplicity of

potential failure sites (in this case of the 10 RI crack origins) is

a major improvement made upon the work in (D)

2. Upon inspecting each hole in the disk, the inspector and the analyst

base their decision on the disposition of the disk on the largest;

measured. To simulate other realistic constraints, we make two

7-24
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further requirements. If a is undetected (or found to be less than

0.031 inch, where this value corresponds to the inspection size sep-

arating "may-accept" from "accept"), the new disk life prediction is

unchanged and the disk is placed back Into service. Furthermore,

if a is larger than some maximum value, amax (values between .125"

and - are used in this report with most of the study focused on the

value amax .250"), the disk is retired without analysis or consid-

eration for further usage. Thus amax corresponds to the inspection

size separating "may-reject" from "reject." Repair is not simulated

within the context of the RFC procedures.

3. !f a is less than amax, the value is substituted into the equation

N = F(a, a, etc) (7-14)

where F represents the best estimate of the (a versus N) behavior by

the simulated analyst of the RFC procedure. In this study, we used

C4  C_
N = + -ý (1.50 + log a)v (7-1b)

n A m
0 0

where the symbol refers to the analyst's estimate of the parameter.

Stress estimation is the first point of difference among the four RFC

procedures in Table 7-2. The "prior-analysis-based" stress method

simply uses the s ie initial a estimate (e.g. design calculation) for

all disks. Howeve&, In the "Inspection-based" stress method (see

Ref. (1)), we "infer" a for each disk from N and a by solving equa-

tion (7-15) inmlicitly for a.
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4. Substitute* a into the time-to-failure prediction equation

;f = F (a etc) (7-16)

5. To obtain the allowdble cyclic life extension, N allow, two methods

are used depending on the RFC procedure. For the nonprobabilistic,

constant-safety-factor technique, we apply a safety factor SF to com-

pute

Nallow = N + (Nf - N)/SF (7-17a)

For the probabilistic/statistical update, conditional-failure-proba-

bility technique, we perform a periodic statistical analysis of the

in-service fleet failures and successes. Figure 7-6 is a schematic

representation of the procedure in which a maximum allowable condi-

tional failure probability 13 defined, F cmax. Using this safety/eco-

nomic criteria constraint, along with the two parameters

({, 8) representing the time-to-failure Weibull probability dis-

tribution, the allowable cyclic life extension is

Nallow F(N, F cmax (7-17b)

I In the inspection-based method, o is merely a curve fitting parameter

which "makes up" or "calibrates" for errors of all sorts, including the
dominant cycle-counting errors discussed before. We could have used other
methods of calibration; for example, use the original stress estimate and
"adjust" the cycle count. In general, the parameters subject to the
highest-impact errors could be r luced to "calibrators."
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The lengthy derivation of the precise form used for equation (7-17b)

Is given in Appendix C. The most important points are that equation

(7-17b) represents the utilization of all knowledge regarding the

fleet and the fatigue phenomenon to arrive at a near-optimum allow-

able life extension. Even the pre-fleet statistical and historical

knowledge of the phenomenon (such as the estimation of pn(a)*, the

changing probability distribution of real crack sizes), can be used

to estimate initial values of o and a (Fortran variables AL and

BET). Thus, the statistical update capability allows us to take

advantage of actual past fleet performance to improve the RFC proce-

dure for subsequently introduced and exposed parts. As will be seen

in the probabilistic RFC evaluation discussions to follow, the update

capability is quite important to optimizing the RFC procedure. In

fact, the study indicates that our decision to statistically analyze

the fleet at every minimum inspection interval (to be defined below)

is not optimum. The Monte Carlo simulations indicate that the update

frequency should be increased to, at the very least, update the fleet

statistical analyses directly after any failure.

6. The next inspection point Ne is computcd to account for the realistic

constraints on minimum and maximum inspection interval, 4min

and 6NaxI through

In our original plans, we regarded the prior estimation of pn(a) as an
important part of an optimum RFC procedure. When faced with the need to
fully define, develop, and evaluate specific procedures, this prior goal
led to significant problems. These problems, details of our progress, and
our specific approach to evaluation of pn(a) are described in Appendix D.
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Nei -N +MINI [Aiiaxl (Nalo (7-18)

and

Ne E FIX (6el/ANmin) (7-19)

where the FIX function* rounds its argument down to the nearest low

integer, and the AMINI function* chooses the least of the two quanti-

ties in the bracket. The disk is then reinspected at N cycles,

new a, y, and Ne values are calculated and another life extension is

computed. If the calculation predicts that the disk life cannot be

extended to at least the next scheduled inspection, the disk is

retired at the pre.ant inspection. Thus, if a large enough minlimum

inspection interval were chosen or forced by logistics, all disks

would be retired after the first inspection and no RFC would be pos-

sible.

Throughout most of this study we use Amin 750 cycles and

either a ua 750 cycles or =, where- 7- ----l- s is t~ken as the"max .1
"design life" of our simulated sub TF-33 dis'.. fleet. No disk or

engine is allowed to remain In service for more than seven disk

* To avoid ambiguities in comparing similar quantities, such as three
different types of estimates of a statistical parameter, use is made of
both Fortran functions and variable names which are occasionally
intermixed with algebraic symbols. Fortran varables are all defined in
Appendix B.
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design lives (5250* cycles); a value which might represent the life

of the engine or the obsoletion of the aircraft. Because the perfor-

mance of the simulated fleet is worse than that expected for the

TF-33 third stage turbine disk's total fleet, these specific cyclic

values are about one-fourth as large as might be expected. Since

everything is "scaled-down" by this one-fourth factor, the per-cycle

numerical economic results of RFC would have been proportionately

better fo.- the actual TF-33, third turbine disk.

As can be seen from Table 7-2, the RFC Procedure No. 1 is determinis-

tic and totally uncalibrated against field experience. It is a primitive

unrealistic procedure in the sense that it assumes tnat the inspection and

analysis teams are automotorts without memories. Specifically, the irtspictor

i and the analyst are assumed not to learn from their previous experience not to

use the results of a previous inspection to compare with that of the current

* inspection. Furthermore, they are powerless to change any aspect of the RFC

procedure, safety factors, or analytical tools in response to actual events,

such as a number of unexpected field failures.

RFC Procedure No. 2 analyzes and calibrates each individual disk by

asking the question: "What stress level ( n)must have been present to cause

the crack to grow to the measured size a in N cycles?" It is expected that,

with a minimum inspection reliability, such an adjustment of a should rL 4! I
* The actual input engine life was rounded down to 5200 cycles to make sure

PERFCT did not scheduile a 7th inspection a few cycles before engine
retirement.
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the impact of a variety of errors. However, RFC Procedure No. 2 also assumes

the use of inspectors without memories; there is no reaction to the overall

experience of the fleet,

RFC Procedure No. 3 doesn't calibrate each individual disk according

to its measured crack sizes but does use all past field performance knowledge

to adjust the allowable cyclic life extension and subsequent inspection

points 'e of all disks. Thus, the inspection and analysis teams have both

memories and the ability to react and improve the RFC procedure on an ongoing

basis.

RFC Procedure No. 4 combines the two improvements described above

tor RFC Procedure Nos. 2 and 3. Each disk is calibrated (with a', to the fa-

tigue crack Initlation/propagation modei according to its idrgest mearwred

crack size and the overall performance of the fleet is accounted for with up-

dates of the statistical analysis of the fleet. Procedure No. 4 is at present

our best fully developed procedure. The major capabilities and limitations of

the procedure and accompanying software are described in the comment cards of

Li the ccmputer program PERFCT (Appendix B). Although RFC Procedure No. 4 could

be improved, it is considered to be an opt.i.m tradeoti between cdpabilities

and enougn simplicity to allow full analytical development, software develop-

ment, and analytical evaluation within the limits of this project. The only

major improvement we would strongly recommend is that tne statistical update

analysis be performed more often than every Amlln cycles. Other possible

improvements are:
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I. The software should be expanded to handle more than one part type per

J engine and crack-site type per part.

2. Statistical update- would be provided for each failure mode and, in

fact, could be expanded to differentiate between old and young sub-

sets of a given component popul;.ttioi, where advisable.

S3. Statistical updates could also be expanded to account for data

obtained from destructive examination of retired disks.

4. Account for the possible reduction of new-part "infant mortality-

type" failures through the reduced use, by RFC, of replacement

parts. More discussion of this infant-mortality aspect is given

later in this section.

It is noted that a conservative appraisal of RFC benefits is made for

all four procedures based upon the very large scatter observed from the 49

disks inspected.

7.3 Cost Details of RFC Evaluation

The costs associated with inspec:tion, replacement, and failure used

in this investigation are given in Section 7.3.1. Safety criteria which are

not associated with cost are discussed in Sectio;n 7.3.2. The method for com-

puting RFC savings is described in Section 7.3.3, and Section 7.3.4 discusses

the impact of pre-design life failures ohserved in the simulations.
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7.3.1 RFC Gains and Costs Simulated by PERFCT

The RFC procedures described tbove were progranmed into the Monte

Carlo simulation program, PERFCT. The program simulates any number of random-

ly selected "grand fleets," each containing (1) up to 50 subfleets, (2) up to

1500 single-component "engines" and (3) up to 10,600 new and replacement com-

ponents. The program does the followir,- for each engine: (1) generates "in-

service" fatigue data for the compo,'wit (disk) at the appropriate calendar

time, TE, at which the subfleet is introduced; (2) performs a chosei RFC pro-

cedure on each engine at tie apprep:iate time and makes (random) errors based

upon the input error-simulatitn prolability distributions described above;

(3) makes RFC decisions of inspeLtiel intervals and disk replacements (each

replacement disk requires gene-atlo;. of new in-service fatigue performance

data); and (4) checks for failure of any disk which is replaced. Costs are

assigned to the various outcona.=i of the RFC procedure for the jth engine.

Each time the engine disk is inspected, a negative dollar gain

(cost) of

Gji - -200 dollars (7-20)

is incurred. Each time the life of the disk is extended, a gain of

G . - iON'e dollars (7-21)
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(i.e. $7500 per forestalled replacement of a disk with design life, DL - 750

cycles) is assigned, and N' is the perceived amount of cyclic life extension
e

beyond DL until either the next inspection, retirement, or failure, whichever

applies. Should a failure occur before the rotor is retired, a negative gain

(cost) of

Gjf -2,000,000 dollars (7-22)

is assigned.

7.3.2 Safety Aspects of Part Failure

Clearly, the estimation of the expected cost of failure Gf is finite

because the failurle probability is never zero (even without RFC). To insist

otherwise is unrealistic and impractical for RFC as well as for the initial

life limits. Our specification of a $2 million average cost of failure is

equivalent to assuming that most failures damage one engine while some fail-

ures could lead to aircraft loss (since complete engine replacement cost is

$750,000).

In dealing with high impact safety and economic considerations

regarding structural failure modes, we have developed a simple way of perform-

ing rational economic analysis without limiting the flexibility to maintain

*afety criteria. The procedure is to define Gf clearly as the economic impact

of failure ply. It should be noted that Gf is a dollar cost only and has no

SI connection with safety criteria or constraints.
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Having decided that Gf is not a safety criterion, the choice of cri-

terion is totally flexible and either traditional or new methods can be

used. Once the independent safety criterion is specified, the selection of

RFC parameters is based upon whichever one limits, and it becomes an exercise

in mathematics rather than politics. Specifically, the goal is to maximize

the RFC cost savings without violating the safcty criterion. This is a

straightforward optimization problem in which the safety criterion serves as a

constraint, Another recommended goal might be to minimize the probability

that total RFC gain is less than some desired minimum, again subject to safety

and other constraints.

A

We studied two types of safety criteria. In the first, a maximum

allowable failure probability, Fcmax, is specified and built into the statis-

tical-update RFC procedure constraints. This failure probability could be !

specified and justified by using-several comparative criteria. For example,

the failure probability may be acceptable if it is less than the in-service j
failure probabilities demonstrated during the initial design life of similar

equipment. A second safety criterion with a long history of use is the safety

factor. In this report, a life-based safety factor, SF, representing the

ratio of estimated-to-allowable life extension after an RFC inspection, is

used in conjunction with deterministic RFC procedures. Further, safety fac-

tors and failure probabilities are related and can be computed from each

Sother.

Alternative or additional safety constraints might also be im-

posed. Two such additional safety constraints evaluated in this report are a

maximum crack size beyond which a part will never be placed back into
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service (amax) and a maximum inspection interval (ANM x). For thismaxma
study, ANma has been set equal to Its extremes; namely, either to (1) the

minimum inspection Interval, to produce a single, constant Inspection interval

(see equations 7-18 and 7-19) or (2) infini y, representing no maximum Inspec-

tion interval. The amax value has been set at o.250-inch for the majority of

this study and varies from 0.125-inch to -for a sensitivity study.

7.3.3 Total RFC Savings Estimation and Sampling Error

The total RFC coit savings for each engine is given by suumming all

the ';osts times the number of times each is incurred,

G z f G + feGje + ffGjf (Repeated indices do not (7-23)j i ej f denote summati on) (-3

where fl, fe' ff represent the number of incidents for each type of cost or

gain for the jth engine.

The expected average dollar gain per engine of the RFC procedure is

then estimated from

IDN

: G= G IDN (7-24)

where ION is the number of engines simulated (between 800 and 1500 in this

case). i is computed for alternative Fcmax or SF to evaluate the RFC per-

formance for specific RFC procedures and parameters. The rms error of

the • estimate (i.e., the sampling tolerance or standard deviation of •) due
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to the use of a finite number of engine simulations (which represent 1100 -

10,001 Jisk simulations) is estimated to be less than $4000 near the optimum

safety factor, where the simulated failure probability is of the order of .001

to .005.

7.3.4 Pre-Design Life Failures

Due to the atypically large scatter of the simulated fleet, it was

not possible to eliminate pre-design life failures (which are not chargeable

to RFC) without reducing the design life (DL) to an even more unrealistic

value than 750 cycles. In fact, assuming a design life of 1000 cycles pro-

duced 8 to 10 failures during the initial 1000 hours of each of the 1500

engine fleets simulated. The 750-cycle ciesign life produced 1-3 failures in

the initial 750 cVcles. On averagp, l1.Onnn now disks %11 ,,sffer 4 +Gh

pre-design-life number of failures than will 5000 new disks. Since, as will

be shown below, the better RFC procedures resulted in G, 1, or 2 post-design

life failures, while authorizing a reasonably sma1i number of replacements, it

is clear that the RFC procedure has the potential "o reduce the total number

of failures of a high-scatter fleet.

The best way to understand this concept is through reference to the

schematic in Figure 7-7. Illustrated is the classic "bathtub curve" showing

the component failure rate variation with time. Normally we think of fatigue

as a wear-out process and of disks as components in which the wear-in portion

of the curve is negligible. However, given a significant amount of wear-in,

RFC can actually reduce the number of failures below that which would be

experienced in the non-RFC situation. While mechanical engineers often
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associate wear-in failure modes with electronic components, structural

failures also show wear-in. These might be due to a source of unusually large

4scatter such as for the 49-disk population examined at FaAA. More likely

causes of wear-in failures are such identifiable physical phenomena as a rare-

but-possible, initial, large, crack-like defect located at the point of

highest stress concentration in the fatigue-critical notch. This latter

problem would be compounded for a structure with a lower ratio of propagation-

to-total part life than that exhibited by this TF-33 component. Several RFC-

candidate components of the F-100 engine exhibit potentially a lower ratio

than this TF-33 component. Thus tnis potential "extra credit" of RFC should

be carefully studied in the F-100 application.

No extra credit was given RFC in this ,!valuation for the reduction

of pre-desion life failures. In fact, for the case of the statistical update

RFC procedures, no provision was made to use the pre-design life failure

information in the statistical algorithm so, again, the cost effectiveness of

RFC could be further improved.

7.4 Simulated Analyst/Inspection Team

Five %nalvrtc and fnir Insprtnre ar• rnnqidrI d tn nhtain varinus

analyst/inspector (A/I) teams. Five of these teams are useJ in Section 8 to

investigate the effect of analysis and inspection errors on RFC performance.

7.4.1 Five Analysts

Analyst I uses a deterministic equation to model the fatigue process

that, on average, will overpredict the median failure life by a factor of
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three. Such an error could be due, for example, to the use of inappropriate

temperatures for laboratory fatigue tests. (An Analyst "la" is also consid-

ered who uses the correct model with an underestimate of stress to produce a

factor-of-three overprediction of life.)

Analyst 2 uses an equation to model the fatigue process which under-

a predicts median life by a factor of three. (An An|alyst "2a" is also consid-

ered who uses the correct model but overestimates the stress to produce a fac-

tor-of-three underprediction of life).

The third analyst develops a perfect deterministic model of the

fatigue process that corresponds to the median life calculated fron equation

(7-4)*.

It has been assumed that the analysts have included all relevant

failure modes in their assessments. For example, the effect of a larger-than-

anticipated vibratory stress in the rim could cause the disk life to be lim-

ited by a combination of low and high cycle fatigue near the rim rather than

low cycle fatigue and brittle fracture for the bolt hole cracks.

7.4.2 Four Inspectors

The sensitivity of the RFC program dollar gains to inspection proce-

dure is simulated by using three different "real" inspectors, the performance

of which has been measured, and one "hypothetical" inspector to inspect each

engine disk. Inspector A uses the high resolution probe, Inspection B uses

* With constants of C1 - 2500 and Cp - 9560 cycles.
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the outside lab technique with a 500 KHz frequency and Inspector C uses the

outside laO technique with a 1000 KHz frequency. Inspector U uses a hypothet-

ically improved version of the high-resolution probe which reduces the crack

sizing error substantidaly.

7.5 Combinatlon of Software Into the Ccquter Code

The individual software items mentioned above for simulation of (1)

fleet, (2) fatigue, (3) analysis, (4) inspection, (5) constraints, (6) RFC

procedure implementation, and (7) economic results were combined into the con,-

puter program PERFCT. The program is internally documented with comment cards

listed in Appendix B and has been thoroughly checked out by comparing its out-

put with detailed hand computations based on both deterministic and probabil-

istic calculations.

74

7-41 -



8.0 RFC PROCEDURE EVALUATION BY MEANS OF SENSITIVITY STUDIES

8.1 Graphical and Tabular Presentation of Results

Major RFC evaluation results of the most informative cases that have

been examined in this project are presented in Figures 8-1 through 8-14a. The

"primary result of each case is a curve sh:wing the relationship between the

average dollar gain per disk, ý, which is a measure of the effectiveness of

the RFC procedure, and either (a) safety factor SF or jb) maximum allowable

failure probability Fcmax. In most of the figures, the perfect deterministic

anaiysis was used as a baseline or "standard curve" in conjunction with (1)

the high-resolution probe inspection-uncertainty data and (2) the factor-of-

two, "type 3" cycle counting error (see Section 7.1.5). Other details of the

baseline curve are summarized in Figure 8-1. Thus, the baseline curve appears

with other curves which represent important parametric variations used in the

RFC evaluation sensitivity study. The same solid circular symbol 'W" is used

for both the C(SF) and t(F cmax) baseline curves.

Note from the baseline (Figure 8-i) and most other curves a general

"hump" shape corresponding to a tradeoff between excessive premature failures

and excpesivp prematiirp rati?•smantc Thkn nn*... * +" fct ts e

best balance between these two competing effects and corresponds to simulated

failure rates of the order of 0.25 to 3 failures per 1500 engines, depending

on the circumstances. The sometimes sharp drop in the G curves on the low SF

(high Fcmax) end corresponds to too many failures. The usually gradual drop

In the 6 curves on the high SF (low FcMax) end represents the cost of an in-

creasing number of premature disk retirements.

8-1
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35 BASELINE CASE PARAMETERS:

"1) Perfec. Deterministic
a vs. N Analysis

2) Perfect Estimate of
Average Disk Stress

3) High Resolution Probe
30 Inspection Uncertainty

Data

4) "Factor-of-Two,
Uniform (Type 3)"
Cycle Counting Error

5) Constant Safety Factor
and Infer St-ess from
Crack Measurement

25 (RFC Procedure #2)

"Cycles

7) Always Return to
CU Service if a is Less

Than 1/32"
0-

2 8) Always Replace if a is
•2 Greater Than 1/4"

9) For ý Values Between
1/32" and 1/1",
Replace Only if
Dictated by the
Analysis and Safety
Factor

15 10) Ten Nominally Identical
Cracking Sites per Disk

p eBaseline G (SF)

1 2 3 4 5 6 {E-1 through E-8)

Cycle-Rased Safety Factor, SF

Figure 8-1 - Effect of Safety Factor on RFC Benefits for the Baseline or
Standard Case. (Bracketed Information Lists Tdble Numbers in
Appendix E tOhich Correspond to the Displayed Data Points.}
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Occasionally, one or more of the RFC procedural constraints, such as

the use of a very short maximum inspection interval such as AN = 750

cycles, nearly or totally governs the RFC decision procedure, so as to reduce

the effect of changing the safety factor or maximum failure probability. In

these cases, the curves become nearly horizontal lines rather than humps. In

discussing the RF'C evaluation results, those constraints that cause unusual

behavior of the curve will be pointed out.

Each plotted point in Figures 8-1 through 8-14a is supported by a

table in Appendix E that summarizes, for each subfleet, the frequency of all

operation, inspection, replacement, and failure events that when combined

resulted in the data point for RFC economic gain. While each table in the

voluminous Appendix E is referenced in a figure and/or table in this section,

only the baseline and the most interesting results are discussed In any

detail.

8.2 Discussion of Baseline Curve

Table 8-1, summarizes results from Tables E-1 through E-1O for the

nomic gain of the baseline RFC procedure ranges from $13,610 to $27,784 per

engine. The poorest RFC performance corresponds to a safety factor of 1, for

which 1770 disk replacements out of a possible 9000 (6 x 1500) prevented all

but 16 disk failures. The safety factor value, 2, produced the optimum

economic result by requiring 2668 replacements and preventing all but two

failures, which resulted in a $27,784 gain per engine. While the tabulated

dollar gains are based on accurate cycle-by-cycle prorations computed by
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PERFCT, the equations below dermonstrate that the economic gains can be essen-

tially reproduced with simple hand calculations.

= 45,000 [200 F 7500 Fr + 2,000,000 Ff] /1500 (8-1)

where Fi, Fr, and Ff are the total numbers of inspections, replacements, ani

failures in the 15UD-engine fleet as output in the tables of Appendix E.

The reason that the safety factor value of 1.0 does not result in

more than 16 failures is the presence of two synergistic, conservative factors

listed as items 6 and 10 in Figure 8-1. These factors are the fre.rent

(750-cycle) inspections combined with the multiplicity of inspection sites

that allow every Oisk inspection ten opportunities to reject the disk. In

effect, these powerful factors are optimally balanced by the choice of a gern-

erally low safety factor of 2.

The "no RFC" condition serves as a reference of zero dollar gain per

engine, and corresponds to 9000 fleet replacements with no failures (as ex-

(AIina,1 in Cartinn 7 nn iHreat is he'n n'ubn tn aDr fr, nraUvantinn n f .

design-life failures) and no inspections. The maximum cost savings is $45,000

per engine (6 replacements per engine times $7500 per replacement). However,

since the undisturbed simulated fleet will produce many failures (in fact,

Table 8-1 notes 308 failures) in the 5200 cycle engine life, $45,000 per

engine is not an achievable upper bound for the analyzed situation. Rather,

as noted in Table 8-1 no less than 311 perfectly timed and accurate inspec-

tions and replacements are necessary to avoid all failures. The reason that

311 rather than 308 replacements are required is that the PERFCT program

8-!
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assumes that any engine suffering a failure is down until the next scheduled
:nspectior. Theretore, the "unattainably perfect" RFC procedure involves

slightly more disk time than the "negligent" RFC procedure. Thus, the upper

bound of RFC gain 's shown in Table 8-1 as $43,163, racher than $45,000 per

engine, wien the 3-3 necessary replacements are included.

The "negligent" case involves a test program-like situation in which

neitheiý replacements nor inspections are permitted through the 5200-cycle

engine life. Since the resulting 308 failures correspond to a 17% cumulative

failure probability (308/1,808), it is clear from this "do-nothing" analysis

that any RFC procedure would be severely tested using the high-scatter, high-

failure rate fleet represented by the 49 inspected disks.

The baseline RFC simulation is considered to be very encouraging in

comparison to the extreme cases of perfection, absurd negligence, and no RFC.

The potentia kfor example, with SF = 3.3) for avoiding well over half the

9,000 replacements with no failures and a gain of over $25,000 per engine is

impressive. The $25,000 value is also impressive considering the absolute

extreme results of approximately $43,000 for an unattainably perfect situa-

tion. However, the baseline case involved perfect deterministic fracture

mechanics and stress analyses and f airly conservative constraints and inspec-

tion practices. Most of the remainder of Section 8 is devoted to exploring

the impact of different assumptions, inspection procedures, constraints, and

introduction of several types of possible errors.

8-6
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8.3 Effect an RFC Benefits of Inspection Equipment and Procedures

8,3.1 Effects of Inspection Uncertalnty and Intervals Between Inspections

Figure 8-2 shows the effect of changing the inspection procedore fromn

the baseline high-resolution-prob2 inspection on RFC benefits. We have also

characterized the uncertainties of two other inspection procedures; namely,

the "outside" lab procedure for frequencies of 500 K' - and 1000 KHz. As seen

from Figure 8..2, there is little to choose among the economic benefits gained

from the three inspection procedures for safety factors between two and four.

However, for safety factors greater than 4, the outside lab inspection using a

500 KHz frequency leads to the highest benefit of the three Inspections.

Table 8-2 gives some idea as to why the 500 KHz inspection is superior for

adequate-to-high sofety factors in this application. Basically, the 500 KHz

inspection revealed less propensity to oversize cracks, especially by large

amounts such as the factor "4" addressed in Table 8-2.

The high resolution probe is clearly superior for detecting small

cracks (belov" c.r03"), but, in the context of the simulated TF-33 RFC program,

this extra dat',.ction capability has almost no effect upon the RFC gain. The

twu ,,,ajv, ,resIoi, for this 1tack uO effect, as learned from examining the

details of the premature failures and retirements that occurred in the simu-

lated results, are (1) it Is the intermediate-t3-large crack sizes that are

Important (e.g., 0.05 Inch to 0.2 inch) for most RFC decisions and (2) given

an adequately large safety factor and many chances to detect cracks (e.g.,

frequent inspections and multiple crack sites), the superior RFC procedure

will be the one with least propensity to greatly oversize the crack. Again,

as seen in Table 8-2, the 500 KHz inspection has demonstrated the least

8-7



35 I -

a -

30

@Hioh Resolution Probe
{E-1 through E-8}

25 *Outside Lab (1 MHZ)
{E-17 through E-221

A)utside Lab (500 KHZ)
{E-11 through E-16}

U

' 20

1 2 3 4 5 6
Cycle-Based Safety Factor, SF

Figure 8-2 - Effect of Inspection Procelure on RFC Benefits.
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Table 8-2

Comparlson Of The Probabil ity Of Overestimating

Crack Sizes Usina Three Insg tion Procedures

Actual Crack Probability of Overestmatirng Probability of Overestimating
Size a (inches) Crack Size by any Amount Ha' by more than 4 times

High Outside Outside High Outside Outside
Resolution Lab Lab Resolution Lab Lab

Probe (500 HZ) (D Mz) Probe (500 KHZ) (I 14Z)

.003 .26 .10 .10 .18 .08 .09

.015 .53 .25 .30 .12 .12 .15

.025 .60 .30 .30 .20 .12 .14

.035 .50 .32 .4S .10 .09 .12

.05 .So .39 .43 .06 .035 .08

, .08 .34 .32 .34 .06 .04 .03

.15 .40 .40 .43 .03 .03 .03



tendency of the three Inspection procedures to oversize the crack. A key

reason why crack detection probability, per se, does not dramatically

influence the optimum RFC benefits is that the multiplicity of inspection and

failure sites (in this case, ten bolt holes which can produce RI cracks)

introduces ample opportunity to detect at least one crack if multiple bolt

holes are cracked. For example, if the probability of detection for a given

crack size present in each bolt hole Is independent of the other nine holes

and is only 0.5, the probability of detecting at least one of these 10 cracks

would be greater than 0.999.

Figure 8-3 is included to show possible upside benefits for a hypo-

thetical dramatic improvement in the high-resolution probe inspection. While

detection probabilities for given cracks were not changed, the sizing was

dramatically improved by inserting a square root function "operator" into the

inspection simulation subroutine (DAHAT; Appendix B). The square root opera-

tor was used to reduce Inspection uncertainty and to produce a/a ratios closer

Sto unity, the perfect value. For example, if a random selection from the

K •probability distributions of uncertainty for the high resolution probe pro-
i duced an ai/a of 4. the square root function transforned this ratio to 2, and

for an a/a of 1/9, the square root operator artificially changed this value to

1/3, etc. As might be expected, this dramatic reduction in crack sizing

uncertainty produces an across-the-board increase in RFC gain for realistic

values of safety factor.* However, the increases are not dramatic and the

optimum benefits of the actual high-resolution probe inspection ($28,000 per

* If the effective safety factor is too low, a better inspection can increase
the number of failures. By comparing Tables E-1 and E-23, note tha'at=-t-Sr
- 1, the superior inspection increased failures from 16 to 19 but produced
economic benefit bv reducing replacements from 1770 to 645.
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"M * 'Actual High Resolution

L& Probe Data
" {E-1 through E-8)

.Hypothetical -Improvement
Inspection -in which the
square root function was

S25 used to reduce inspection
uncertainty of the High
Resolutimn Probe i/a data.
(i.e. an J/a of 4 was
transformed to 2, an 6/a

Sof 1/9 was changed to 1/3,
etc.)
({E-23 through E-30}

x

U 20

2 3 4 5 6

Cycle-Based Safety Factor, SF

Figure 8-3 Effect of a Dramatic Reduction of Inspection Uncertainty on
RFC Benefits.
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engine; short of perfection by $15,000) are increased approximately $5000 per

engine to $33,000 per engine (short of perfection by $10,000). The presence

of the many other variables and constraints limits the impact of improved

inspection.

Figure 8-4 demonstrates the effect of removing the maximum-inspection-

interval constraint. Removing this constraint produces a slightly higher

optimum benefit of over $29,000 per engine along with a dramatic shift in

optimum safety factor from 2 to 4. Again, the optimum SF is associated with

two failures (see Table E-36). Thus Figure 8-4 shows clearly the underlying

conservatism inherent in the use of very frequent inspections. Because of the

multiplicity of inspection sites, there is a much higher probability of over-

predicting the magqitude of the largest crack in the disk than underpredicting

it. Therefore, the multiplicity of inspection sites and high inspection

frequency lead to optimum results at a low safety factor. When the constraint

on maximum inspection interval is removed, the optimum safety factor takes on

a value (SF = 4), which is much more intuitively pleasing considering the

scatter in the fleet under study. Note the unexpected modest increase in the

number of failures from 2 to 17 (Tables E-25 through E-31) anti derrrease in

cost (Figure 8-4) for the large reduction of the safety factor from 4 to 2 for

the unconstrained-maximum inspection interval case. This "safety net" is due

primarily to the multiplicity of inspection sites and the 0.25-inch limit on

maximum measured crack size for r(turn to service.

In Figure 8-4a, the effect of a limit on the maximum time between

inspection is examined in conjunction with the probabilistic-update RFC bene-

fit (Procedure No. 4). For the baseline case, the maximum economic benefit is

gained by specifying a maximum allowable failure probability at the very high

8-12
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value, 0.05. Again, the conservatism enbodied in the multiplicity of inspec-

tion sites and frequent inspections must be offset by an unreasonably large

failure probability specification to produce an optimum economic return. The

curve for the baseline case also demonstrates that the economic penalty asso-

ciated with using much lower values of maximrum allowable failure probability
(FVmax) is not exorbitant. In fact, because of the liberal constraint that

all disks with maximum measured crack sizes less than 0.031 inch be returned

to service unconditionally, the curve reaches an asymptote of approximately

$20,000 per engine for specified failure probability values less than 0.001.

The dashed curve in Figure 8-4a corresponds to the removal of con-

straints upon maximum inspection intervals. As with Figure 8-4, the disk is

inspected at integer multiples of the minimum inspection interval. The inte-

gers are determined by the fracture mechanics, stress, and safcy analyses.

Upon removing the constraint on AMmax' the economic benefits peak at a much

more reasondble value of specified failure probability of 0.005. Note that if

the conservative and liberal aspects of the RFC procedure were to exactly bal-

ance each other, the optimum failure probability specification could be com-

puted directly from the costs. This optimum value would, at least to a first

order, simply be the ratio of replacement and failure costs which would result

in Fcmax 0.003175 ($7500/$2,000,000). Thus, the removal of the constraint on

maximum inspection interval acts to balance and modestly improve the RFC pro-

"cedure if the fracture mechanics, stress, and other errors are not over-

whelming. Results discussed later in this section will show how important the

use of frequent inspections is when analysis and cycle counting errors become

more extreme.
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In comparing Figures 8-4 and 8-4a, it should be noted that the optimum

return for the probabilistic update procedure is somewhat less than that of

the constant safety factor procedure but that the downside risk of the

probabilistic-update RFC procedure appears to be somewhat less. This trend

will continue for most of the results to be described below. The major

reasons why the employed probabilistic-update procedure results in slightly

lower optimum economic benefits are: (1) the use of non-optimum initial

values of the input statistical parameters a = 4 and 0 = 1 (see Appendix C)

and (2) the failure to apply the statistical update more often than once every

750 cycles (a major improvement in the optimum would result just by adding the

condition that the fleet be reanalyzed immediately upon any failure). While

the reduction of downside risk through statistic.al updates is not dramatic in

comparing Figures 8-4 and 8-4a much ur'atcr reductions will U I Iu Str ate

below for cases in which signifi.cant analytical and other errors are simu-

lated. Thus, the major benefit of field feedback in specifying allowable life

extension is to avoid major costs or risk associated with improper choice of

SF. More frequent updates are required than used herein to raise or raintain

the optimum levels associated with the fortunate choice of an optimum constant

safety factor.

8.3.2 Effect of Maximum Allowable Measured Crack Size

Figure 8-5 indicates the minor influence of the value specified for

maximum allowable crack size (a max) for the present study. The economic

results of the RFC procedure are so constrained by other specifications,

mainly the use of very frequent inspections, that this "must reject" crack

size value has relatively little impact. If the constraint on maximum inspec-

C- 16
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Figure 8-5 - Effect of Maximum Allowable Appar~ent Crack (tmax) on RFC
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tion interval had been removed, the downside risks of removing a would be
max

enormous, which was pointed out for a more primitive analysis earlier in this

project.

8.3.3 Effect of Number of Crack/Inspection/Failure Sites

Figures 8-6 and 8-7 demonstrate the dramatic effects of changing the

number of inspection sites from 10 to 1. A first order approach to the

problem might conclude that reduction of failure sites by a factor of 10

should reduce the number of failures by this same factor and result in a more

successful RFC program. However, this first-order approach ignores the

"multiple-crack safety net" on crack detection when inspection variations are

pri arily s4te-tc--cite (rather than inspector-to-inspector, time-to-time,

etc.). Many failures are prevented in the simulated results when the most

dangerous and largest cracks in the disks are undetected or undersized while a

smaller crack (or even a false call with no crack present at all) produces a

rejectable value of a , For the case of one inspection site per disk, this

safety n~et is completely removed.

An Initial comparison of Figures 8-6 and 8-7 seems to reveal an incon-

sistency in that the disks with 2 or 5 crack sites appear to produce at least

as much economic benefit as the disks with 10 crack sites while C'3o producing

more failures. However, the study of Tables E-1 through E-8 and E-61 through}

E-68 in Appendix E resolves this apparent anomaly. The nrumber of disk

replacements is dramatically reduced when the number of crack sites is

reduced, for any given constant safety factor.

8-18
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Inspection Sites per Disk on RFC Benefits.

8-19



4*~4

-o 'V

'U-

- c-

S N W
LU L

L~ f~-

L)

LL ~ ~ ~ L s AI J 'L

o C4

CL

C) -

LA..

4..)a

4-

8-20



Two effects could reduce the safety net associated witn mcre crack

sites. The first is if the physics of the inspection process and cracking are

such that factors causing the lack of detection of the crack in one disk fail-

ure site are also very likely to be present at other failure sites of that

disk. Then the inspection reliability of the failure sites would not be inde-

pendent in a given disk, and missing one large crack could imply an unaccepta-

hly high probability of missing an equally large crack at some other disk

location. The second effect would be a combination of higher mean and scatter

of times to crack initiation than simulated here. Such a situation, espe-

cially if compounded by a non-negligible probability of significant fabrica-

tion cracks at the critical location, could cause the poor performing disks to

have only one large crack just prior to failure,

The downside risk-reduction power of the probabilistic update proce-

dare is amply demonstrated in Figure 8-8 which shows that for reasonable

specilicd allowable failure probabilities, say less than 0.01, the effective

feedba-ck of field data provides an immediate and effective substitute for the

removal of the multiple-inspection-site safety net. Specifically, when com-

pared to the constant safety factor procedure, the number of failures (see

Tables E-76 through E-81) are markedly reduced for the disks with one or two

cracking sites without a cost-compensating increase in the number of replace-

ments required. Basically, the probabilistic update procedure reacts to the

initial "surprise" failures, decides something is wrong and quickly adjusts

t;ile allowable life extensions to maintain a failure probability less than

0.01.
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8.4 Effect of Fracture Mechanics and Stress Analysis Errors on RFC
Economu cs

8.4.1 Fracture Mechanics Analysis Errors

In Figure 8-9 are shown some effects of fracture mechanics analysis

errors on RFC benefits. For this Figure, the high resolution probe inspection

uncertainty data was used in combination with three deterministic analysis

procedures described in detail in Section 7. The perfect deterministic curve

is the baseline discussed previously. The other two .'urves on Figure 8-9

represent algorithms which underestimate and overestimate failure cycles by a

factor of 3 for a given stress. Stress analysis errors are not simulated

directly in Figure 8-9. The results demonstrate that there- are enough con-

straints in the procedure to easily absorb such life prediction errors. Two

key reasons that errors have so little effect on the baseline (RKc Procedure

No. 2) case are 1) the high frequency of inspections and 2) the ability to use

stress as an adjustable parameter to fit the observed crack sizes and compen-

sate for other errors.

The ability of the baseline RFC procedure to handle large life predic-

tion errors Is somewhat surprising considering the devastating results of a

factor-of-three overestimate of failure cycles on the similar, if more primi-

tive, RFC procedure evaluated earlier in this project. In order to explore

this dramatic difference in sensitivity to analysis errors, some of the

aspects of the earlier RFC evaluation are reproduced in Figure 8-10. The

major differerces in the past and present RFC procedures evaluated are the use

of a 15,000 cycle engine life and no limit on the maximum permissible inspec-

tion interval. It should be noted that the combination of a 750.cycle disk

design life and 15,000 engine cycles implies the need for up to 19 (rather

8-23
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Figure 8-9- Effect of Deterministic Analysis Errors on RFC Benefits.
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than 6) disk replacements and potential RFC savings of more than $100,000 per

engine. The middle curve in Figure 8-10 is a reproduction of the solid tri-

angle data points in Figure 8-9 which represent a factor-of-three overestimate

of life. This curve provides a reference for comparison with the baseline

5,200-cycle-engine life case. The lower curve demonstrates the devastating

impact of the factor-of-three overestimate of life for the 15,000-cycle engine

with no constraint on maximum inspection interval, %x. The upper curve in

Figure 8-10 shows the dramatic effect of restricting all inspection intervals

to the 750-cycle design life value. Obviously, the requirement for reasonably

frequent inspections can eliminate an enormous amount of downside risk of RFC.

In Figure 8-10a, the simulations of Figure 8-10 are repeated exactly

with the single exception that the probabilistic-update procedure (No. 4) is

used rath.r than the constant-safety-factor procedure (No. 2). Again, the

downside risk associated with unlimited maximum inspection intervals and a

large anti-conservative life prediction error is easily absorbed with the

introduction of effective feedback from the field. Especially encouraging is

the near-zero impact of maximum permissible inspection interval at reasonable

failure probability specifications less than 0.005.

Figure 8-10b shows the same three cases as Figure 8-10 but includes no

fracture mechanics analysis errors. Comparison of Figures 8-10 and 8-10b

demonstrates the synergism of the detrimental effects of (1) factor-of-th-ee

life prediction error and (2) the failure to specify a max1mum inspection

interval, Elimination of either effect eliminates the treiwendous number of

field failures resulting from both effects occurring together.
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8.4.2 The Effect of Stress AnalXsis Errors and Estimation Technique

In Figure 8-11 Is shown the effect of severe initial stress analysis

errors, in an otherwise perfect fracture mechanics model, on the probabilistic

update procedure's economic return. The stress analysis errors simulated

correspond approximately to factor-of-three overestimates or underestimates of

life, so as to be comparable to the fracture mechanics analysis errors sin.ula-

ted previously. As seen, the errors have virtually no impact upon the RFC

economics for the investigated RFC Procedure No. 4 in Figure 8-11. While not

shown, similar results were obtained for the constant-safety-factor RFC Proce-

dure No. 2. The key factors that reduce the impact of stress analysis errors

are the use of frequent inspections and the estimation of stress from measured

crack size rather than prior design analysis. Apparently, the inspection pro-

cedures investigated have sufficient accuracy to permit economic gains through

calibration of a key parameter such as stress.

In Figure 8-12 the impact Is explored of using prior stress estimates

not subject to modification. Initially, the results are surprising until

detailed investigation is accomplished. The two upper curves are (1) the

baseline case, representing stress estimates based on inspection results and

(2) the use of an unmodified prior estimate of average fleet stress 33% larger

than the true value. The reason the stress overestimate produces far better

grins than the perfect but unmodified estimate of stress (middle curve with

open triangles) is that the conservative overestimate of stress balances the

other errors occurring in the RFC procedure; most notably, the large cycle-

counting errors. The use of a perfect stress estimate which is unmodified to

compensate the cycle counting errors results in a very poor performmnce

unless safety factors much larger than normal happen to have been chosen. Of
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Figure 8-12 - Effect of Stress Estimation Method on RFC Benefits.
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course, the underestimation of stress compounds the problem. The reason the

underestimation curve is horizontal (solid triangles, lowest curve) in Figure

9-11, is the fact that it leads to no restraint on RFC for safety factors

between 2 and 6. The only reason the losses are held to approximately $21,000

per engine are the frequent inspections and requirement that all disks with

cracks measured greater than 0.25 inch be Inmiediately replaced.

In Figure 8-12a, the simulations of Figure 8-12 are repeated exactly

for the probabilistic-update procedure. The results are again encouraging

although the failure to adjust stress estimates to reflect inservice inspec-

tion results still reduces the benefits of RFC.

Another interesting effect is summarized in Figure" 8-12,• znd ii de-

tailed in the results of Tables E-148 through E-15i) and E-153 throu).gh E-155.

This is a "lead-the-fleet" effect in wv ich the introduction tinm , s of n Tew

engines into service are altered to g -uVe th e effect upo , thl .up4.atirig scheme .

The upper ("lead-the-fleet" Tables L-i49 and E-Y4A) points vpresent completeusage of a subfleet before the next subflest is introduced and allow the

i _-bjk41 ct1Cr indate m nre tlm e to produce ontimni ' results. The lower po Ints

in the brackets correspond to all four subileets being introduced simultan-

eously; hence the "no-fleet-leadae" designation in Tables E-150 and E-155.

Some updating is perfoi'ined as all engines age together-, but there is no leAd

the fleet benefit in which data from old eng(ine are fed back to produce

greater RFC returns for youf'qer enyifres. The results also indicate that the

lead-the-fleet effect is most pronounced when it i;s ••st needed. Thit is,

when the RFC returns are already neit, optimu ,m, '.-N addition of mure irtform _-

tion cainnot help or hurt very m.vch. hlowever, for the case of seyere under-
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estimation of stress, where the RFC returns are lower, the lead-the-fleet

effect is more important.

8.5 Effect of Usage Estimation Errors

In Figure 8-13, we investigate the effect of the magnitude and type of

cycle-counting errors (N versus N) on RFC benefits are investigated. As shown

it) Figure 8-13, all investigated serious errors in cycle ccunting can be

tolerated in conjunction with the baseline RFC procedure. The most serious

type of error is the "Type V error that allows random, changes in cycle-

counting errors from inspection-to-inspection. The most obvious and serious

sequence of such errors would be (1) an overestimate of past usage of an in-

spected d0sk, ieaoiing to false confidence regarding the lack of naasured

cracks in a "seasoned" disk, followed by (2) an underestimate of future usage

leading to additional false confidence regarding the future rate of crack

growti. As seen in Figure 8-13, even Type 1 errors cannot eliminate most of

the RFC economic benefits.

As ff~ntioned previously, the baseline situation involves Type 3 errors

in which th• usage estimation error is constant over the entire life of the

part. The sinua3ted TypE 2 errors in Figure B-13 are the most realistic in

= "that they include an initial systematic constant usage estimation error that

applies for the life of the disk and a smaller inspection-to-inspection usage

estimctinici error. Surprisingly, the smaller Type 2 error simulated led to

slightly lower economic returns than the larger Type 2 error. This apparent

anomaly (which, detailed checking has shooi, is not due to any analysis error

or prcgram "bugs") is believed to be due to the complex interaction of the

"8-34j
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35 CYCLE-COUNTING ERROR

eType 3 (random factor-of-
2.0 error before first
inspection and identical

constant error factor for
all subsequent inspections)
(E-1 through E-8}

- 30 rType I (random factor-of-

2.0 error that changes

before each new scheduled
inspection)
{E-158 through E-160)

A Larger Type 2 Error
(random factor-of-2.0
error, fi, before first

25 inspection; random factor-
of-1.41 error, f, that

C: ~charige~s eah sukusequ,"l,
inspection and multiplies
fi. That is, the t:)tal
error factor Is fif where
f changes every inspection)
{E-161 through E-1631

20• oSmaller Type 2 Error
S(random factor-of-1.41

error, fi, before first

inspection; subsequent
random and changing factor-
of-l.Vg error, T, Tor
additional inspections)
{E-164 through E-166}

1 3 4 5 6

Cycle-Based Safety Factor, SF

Figure 8-13 - Effect of Magnitude and Type of Cycle-Counting Error vs. N)

on RFC Benefits. Error Factors are Defined in Terns of Log

Aver ges. Specifically, a Factor of Two Error would Miean that

LogN/tN) W-1I(0, Log 2).
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aggregately anticonservative usage estimation errors with the highly conser-

vative constraints of the RFC procedure.

In Figure 8-14, the very severe Type 1 usage estimation error is

examined in the context of the 15,000-cycle, rather than 5,200-cycle, engine.

This study was conducted to verify that the high frequency of inspections was

the prime reason that the baseline RFC system could tolerate these extremely

severe cycle-counting errors. The more primitive simulation conducted earlier

in this project, which involved no constraint upon the maximum inspection

interval, produced a dramatic loss of RFC benefit due to the Type 1, factor-

of-two, cycle-counting errors, In Figure 8-14 this devastating effect upon

RFC benefits is again demonstrated where even the upper curve is significantly

lower than the baseline curve of Figure 8-IC which uses the Type 3 cycle-

counting error. Thus, with no statistical updatlng, the Type 1 cycle-counting

error prnduces an out-of-control failure rate if i;;spection intervals are too

infrequent and if engine life is much greater than disk design life.

The probabilistic-update procedure was al.o simulated for this hugein= L .... ks~lk4.I4 d •._,lp~aA~f=p

cycle-counting error in Figure 8-i4a. AMLhouuh? the proba ...............

cedure certainly and dramatically reduces the doenside risk of such severe

errors, it is not immune to large, random inconsistencies in usage estimation.

By updating more frequently, the tolerance to such errors could be further

increased, but the results suggest that large usage-estimation errors should

be eliminated. At the usually optimum specification of 0.005 maximum allow-

able failure probability, the combinod poor estimation of usage and lack of

constraint on maximum itspection interval eliminate most of the benefits of

RFC. However, it is encouraging to note that for the more probable and con-

servative use of a 0.0,1 (or lower.) maximum allowable failure probability, the
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Figure 8-1 - Effect on Maxlnwm Inspection Interval Length on RFC
Benefits for a 15000-Cycle (Rather Than a 5200-Cycle)
Etgine Subject to the Most Severe Usage Estimation
Errors Considered (i.e., Type 1, Factor-of-Two, Cycle
Counting Errors).

8-37



¥ i~

50 1 1w 1 1 1 I I I iI IT•_

I i

25
\ \

0 - 500-Cycle Maximum Inspection
-I Inverval

{E-173 through E-175}

I ANo Constraint on Maximum
-25 Inspection Interval

"{E-176 through E-178}

Lii

L -50

D.•

"Q• -75 -

LAi _100

-125$

".0001 .001 .01 .1

Maximum Allowable
Failure Probability, Fcmax
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Probabilistic-Update RFC Benefits for a 1.5000-Cycle
(Rather than a 5200-Cycle) Engine Subject to the
Most Severe Usage Estimation Errors Considered
(i.e., Type 1, Factor-of-Two, Cycle Counting Errors).
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V

probabilistic-update procedure is able to cope with the lack of specific

external constraint on maximum inspection interval. The reason for this is

quite simple, the low failure probability specification acts as an implicit

constraint to reduce the inspection intervals to either 750 or 1500 cycles,

and it avoids the high failure rates associated with specifications of F cmax

0.005 or greater.
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90 DEVELOPMENT OF A TEST PLAN FOR EXPERIMENTAL RFC VERIFICATION

The objective of this task was twofold: the first was to set general

goals and requirements that any kFC specimen verification program (SVP) with

unlimited funds should meet, and the second was to identify through simulation

the number of specimens that would be required. Using the results of this

task, the specific SVP for the project was designed and carried out. The

details of the specific SVP for this project are described.

9.1 General Goals and Requirements of RFC Specimen Verification Program

An SVP should test RFC for a particular component; specifically, in

this program the bolt hole of the TF-33 third turbine disk. It should, to the

extent practical, realistically model the important factors affecting RFC for 1a

that component. Where this is impractical, the factors should be bounded such

that the SVP will tend to underestimate the dollar gain from RFC (preferably

only a small underestimation). Given below is a list of factors that affect

the viability of RFC and that are important to duplicate in a specimen verifi-

cation program of the subject bolt hole location.

(a) The ratio of mean number of cycles for an Initiated crack to propagate
to failure, to the number of cycles for the minimum inspection
interval (Nprop/Ninsp);

(b) Scatter in number of cycles for an initiated crack to propagate to
failure s(Nprop) ;

(c) The probability of finding a crack of given size by inspec-
tion [PD (a\a)) ;

(d) The ratio of number of cycles for propagation to number of cycles forinitiation (Nprop/Hinit);

(e) The scatter in number of cycles for initiation s(Ntnit);

9-1
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(f) Np,,p mean value;

(g) Ninit mean value.

Major testing parameters which affect the above factors are listed

below:

1. Specimen geometry and stress gradient. These are of primary impor-

tance. The geometry of the Initiating sites and the stress gradient

around them should be accurately modeled. However, the specimen

thickness need not necessarily be the same as for the actual compo..

nent, although this would probably be most desirable.

_ Nu~mh~r of npr~im~n5 A% a minimum, the analyst needs sufficient

specimens to distinguish between RFC and non-RFC by testing statis-

tically the hypothesis that RFC benefits are positive, Furthermore,

there should be sufficient specimens such that the verification pro-

gram will apply to field conditions, given reasonable assumptions on

the shape of the probability distributions of key input variables.

Un t• r rnunifr rtlri,1Atinnc arp needed tn dItprmine the number

of specimens required and some preliminary results are described in

Section 9.2.

3. Load history/distribution. It should be practical to include load

history and distribution variables in the SVP, provided adequate

information relevant to service conditions can be obtained. Cycle..

counting errors could be simulated here.
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4. Inspection reliability/multiple initiation sites. The SVP can be used

to obtain data on inspection reliability. The program should be

designed to represent field crack characteristics and inspection para-

neters and conditions as far as is practical. The effect of multiple

potential initiation sites in reducing the importance of random

inspection errors could be modeled through the gang rigging of several

single-hole specimens, the use of multiple holes in some specimens,

and the computer.

5. Initial flaws and inhomogeneities. The presence of these may have an

impact on the scatter in cycles to initiation. They should be

included in the SVP as far as is practical; e.g., through worst-case

notches or surface preparation.

6. Dwell times. For the third stage disk bolt holes, it was not neces-

sary to include dwell times in the tests. Short dwell times could be

included for certain components; a judgement oust be mrade on the

trade-off between dwell time and numbers of specimens tested for a

given component. It may be advisable to apply a factor to stress

levels and/or massage the experimental data in order to allow for

realistic dwell time effects.

7. Temperature/environment effects. It may be Important to include

service temperatures and temperature variations in the SVP. Aside

from a more faithful reproduction of fatigue performance, use of
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service temperatures might be needed to adequately simulate the

cracks' inspectabi 1ity.

8. Gross blunders. Aside from the worst-case notches being considered

for Item 5 above, blunders should not be included directly in the

SVP. The probability of failure arising from gross blunders might

simply be estimated, simulated on the computer, and added into the

results of the SYP at the end.

9.2 Required Numer of Specimens for SVP

The need to simulate adequately a fleet of engines and the worst-case

tails of the probibility distributions of key variables dictates that per-

specimen costs for the SVP be minimized. This requirement clearly rules out

engine testing, spin pit testing, and ferris-wheel testing for the majority of

an SvP.

For the component under study, specimens with one or more holes

meeting the requirements 3f Section 9.1 are assumed. The number of specimens

required depends on how far down the tails of the input probability distribu-

tions the SVP intends to evaluate and on the results of the computer simula-

tion runs. As a minimim, the program should have enough specimens to distin-

guish between RFC and non-RFC economic consequ,- ei. This is equivalent to

testing the statistical hypothesis that the economic gains of RFC be greater

than zero, or some defined minimum level to make RFC "worth the trouble."

If RFC is to work, then tie portion of failures occurring in real life

will be very small, less than one in a thousand, With only a few score, or at
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most, a few hundred "disks" in the SVP, It is unlikely to see any "failures"

if field failure rates are specified. Artificially low failure consequences

can be set, so as to get some "failure" in the SVP. However, this may be a

source of unrealis,.i because the test results will not be controlled by the far

ends of the tails of the distributions, and it is these far ends which will

control failure rates in actual service. One way around this problem would be

to test more specinens. Specimens representing 50,000 disks would be a good

number, but impracticably expensive. A second way around this problem is to

attempt, through extensive analysis and similation, to construct scenarios

where RFC might "pass" a limited-specimen SVP but "fail" a field application.

Steps con then be taken to eliminate or rule out these negative scenarios with

a better SVP. A key contribution to the SVP would then be to evaluate, by

Monte Carlo simulation, how many specimens are required so that the verifica-

tion program applies to field corditions, given reasonable assumptions on the

shapes of the input probability distributions.

in Figures 9-1 through 9-3 (arid Tables E-179 through E-182) the first

step 'is taken to perform this analytical simulation support for the test pro.-
gra;,,. Te PERFCT siiinulatl-us -nui,,arad by tese fiures and tabe haye the

following modifications relative to the baseline cases discussed in detail in

Section 8:

1. The cost of failure has been specified as omly $150,C00. This low

level would produce a near-optimtm economic return alt specified and

actual failure probabilities of 5%. Thus, this nmw test program

ground rule could produce a very successful economic result with, for

example, one f.ilure in 20 specimens or 5 failures in .100 specimens.
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2. No constraint has been placed upon maximum Inspection interval; the

applied inspection interval is to be comlputed purely from the speci-

fied safety factor or allowable failure probability and with no upper

limit.

3. No constraint has been placed upon the value of armax the crack size

at which a specimen must be retired.

4. In all cases, 1500 single bolt hole specimen test units are simulated.

A test unit consists of the (random) number of replacement specimens

required to complete the 5200 cycle "engine" life. Since it is

assumed that both sides of the hole are ro.inaliy identical, the

variable MHOLE is set equal to 2 in the program PERFCT.

Two of the RFC procedures described in Table 7-2 were each applied

with two different specifications of optimum safety factor or maximum allow-

able failure probability to produce the study summarized in Figures 9-1

through 9-3. The RFC gains, G, detailed in Tables E-179 through E-i82, aie

summarizea in Table 9-1.

One of the output parameters of PERFCT is E1 500j, an estimate of the

sampling error associated with the 1500-test unit simulation. The use of the

+/- sybol in Table 9-1 denotes that E1 50 0 is the +/- one-standard deviation

range of V. Clearly, the error bands associated with a 1500 unit test pro-

gram which duplicates the simulations would be eaquately small for showing ,,
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that all four RFC procedures produce a positive test-program* gain, even for

+/- three standard deviations. However, for a smaller number of specimens (n)

in the test program, one can estimate the sampling standard deviation (En)

frc,. che above table with the equation

En E1500 nO U(g-1)

The upper and lower bounds associated with Equation 9-1 are plotted in Figures

9-1 through 9-3. They indicate that as few as 20 units (i.e., 20 or 30 single

hole specimens) would probably be adequate for correctly demonstrating a

positive gain on any of the considered RFC procedures.

To a first order, one might also estimate the number of specimen test

units required to distinguish the optimum among RFC procedures as the abscissa

point where the lower bound of the more economical procedure intersects with

the upper bound of the less economical procedure. Such an estimate would

require 170, 400, and 150 test units to distinguish between the RFC procedure

pwirs in Figures 9-1. 9-2, and 9-3, respectively. This is a very crude sta-

tistical estimation of the required sample size since it neither estimates the

probabilities of an incorrect conclusion regarding the comparative RFC results

nor accounts for the fact that all RFC procedures are applied to the same

group of specimens.

A more appropriate technique would be to simulate for a test program,

for example, a group of 50 specimens subjected to each of two RFC procedures

* A recommended mrre thorough study wou'ld compare the Simulation results of
the test program with corresponding results for itiservice simulation.

I
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(e.g., Procedures A and B). The same si,;-.vlatton would then be applied to a

second group of 50 simulated specimens. Tx appl~cation.• would be repeated

for each of, say, 100 or more groups of -U xipmt<Ams and the result (i.e.,

Procedure A is better, B is better, or A an! 3 are essentially identical)

could be counted. In this manner, the prcbaility of reaching an incorrect

conclusion due to an insufficient number of test specimens could be calculated

as a function of the number of specimens.
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10.0 VERIFICATION TESTING PROGRAM FOR RETIREMENT FOR CAUSE

An experimental RFC verification testing program has been conducted to

determine whether or not RFC will "work" in a practical situation. The over-

all effort was divided into two categories which are (1) design and execution

of the fatigue testing and (2) analysis of test data for various RFC proce-

S~dures.

d0.1 Fatigue Experiments

Our fatigue testing for RFC evaluation and verification consisted of

six tasks:

1. Specimen design,

2. Selection of parameters for each test specimen,

3. Inspection procedure design and repeated execution during the testing

of each specimen,

4. Execution of the tests,

5. Reduction of the inspection results so as to estimate crack sizes (i)
for analysis, and

6. Reduction of fatigue performance and inspection data for RFCL anaiysis
and verification.

10.1.1 Specimen Design

While It would have been desirable to duplicate all of the TF33 third-

stage disk bolt hole geometry, this could not be accomplished, given the

limitations of the disk geometry from which the specimens were cut and the

load capacity of FaAA's testing equipment. Frcm the point of view of both

10-1
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fatigue and inspection performance, the most important difference between the

specimen and third stage disk bolt hole coalfigurattons is the ratio of thick-

ness to hole diameter which is 1.37 for the disk and 0.32 for the laboratory

specimen. Aside from specific effects on the fatigue performance, as measured

by the (a versus N) cur•a, the major qualitative effect of this thickness

change is to initiate fatigue cracks from the corners of the specimen bolt

hole more often than from the midthickness location. This change in crack

origin is primarily due to the reduction in the plane strain conditions and

triaxial constraint at the mldthickness of the disk. Figure 10-1 provides all

specimen dimensions and details. Because of the thin web in these disks, FaAA

could not maintain a plane strain field around the bolt hole of the laboratory

specimens and with the same bolt hole diameter. The decision was therefore

mode to maintain the same bolt hole diameter in an attempt to keep the same

inspection reliability for the laboratory tests as previously established for

the high-resolution inspection on the disks. As a result of this decision,

most of the laboratory cracks, initiated at the corners of the bolt holes.

This crack initiation location did not dramatically effect the inspection

results because, for this verification program, the detection of large cracks

was more important than the detection of small cracks.

10.1.2 Testing Parameters

Three different cyclic stress levels were employed to simulate the

verification in the mission cycle that might be encountered in the field. The

nominal gross section alternating stress levels used were 97.8 ksi, 105.9 ksi,

and 119.4 ksi. The frequency was 20 Hz and the R-ratio (R a qin/%qx) was

0.06 for the entire test program. These bolt holes typically operate at 4500F
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in the engine which is well below the creep region for this material. In

fact, the observed fatigue cracks found in the disk bolt holes were all trans-

granular. FaAA duplicated the transgranular cracking mode in the laboratory

at room temperature and therefore chose to perform the entire verification

program at room temperature.

Three specimens were ganged in series for each mechanical test group.

When one specimen failed, the loading train was shortened and testing con-

tinued. All specimens were periodically removed from the fatigue machine and

inspected using the eddy currcnt inspection system. In addition to the eddy

current system for inspection, surface replicas were taken on some specimens

as a means of confirming that the inspection reliability of the eddy current

system used for this verification program was the same as that previously

measured.

10.1.3 Inspection

Inspections were oerformed on each fatigue test specimen. Calibration

of th- cyqt• war rait'nely performed usina several specimens that were par-

tially cracked during the preliminary stages of this task. The inspection

system contained a Reluxtrol CREG 201 eddy current sensing element, a Nortec

NDT-15 Eddyscope, and a Hewlett-Packard dual pen strip chart recorder for ob-

taining permanent inspection records. A probe frequency of 5 MHz was used

during the inspection procedures. A high gain of 40 and high sensitivity out-

put levels were used to obtain maximwu overall sensitivity. Indications that

were greater than 5% of the standard calibration signal were reported as

fatigue crack indications.
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The probe was fixed in the test stand, and the specimen was simul-

taneously rotated and advanced past the sensing element. This is opposite to

the field and laboratory testing that was performed earlier in this program on

actual disks. The current system is simpler for laboratory fatigue specimens

and also results in less electrical noise on the inspection signal. The rate

of specimen advancement was 0.025 inch per revolution. In addition to the

crack indication signal, the specific side and location of the flaw were also

recorded. A photograph of the test fixture and accompanying electrical equip-$I
ment is shown in Figure 10-2.

Replication of the test hole surface was made in conjunction with the

eddy current inspection for a small number of initial specimens. This per-

mitted an accurate uaiibration bet~eea Inspect1 lon signal and crack length

along the hole surface, A least-squares regression analysis was performed

upon these data, as illustrated 'in Figure 10-3, to obtain the relationship

between signal amplitude and real crack size. This curve has the identical

functional form as that previously reported for high-resolution inspections of

actual disk bolt holes. Note, Figure 10-3 (i.e., specimens 191, 261, or 28G),

the tendency for a given specimen to give signals that are either ,Onsi-oen.lY

below, above, or on the mean trend signal-versus-crack-size curve, over its

entire life duration. This data could be analyzed in greater detail at a

later date to separate the effects of (1) crack growth and (2) specimen-to-

specimen variation on signal size. Having established through data regression

the best-fit relationship between signal, s, and inspection size, a, this a(s)

equation was utilized to report the inspection results for each specimen.
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Figure 10-2 Bolt Hole Eddy Current Inspection
Equipment.
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It would have been possible to work without the explicit inspection

crack size concept and simply to base all RFC procedures upon alloawable signal

size, Sa. However, since the developed RFC procedures use crajck size esti-

mates, a, the regression relationship wai: used. Use of implicit s, rather

than explicit a, would have produced few differences in the results to be

reported in Section 10.2. Replication data points, a, (presumably more accu-

rate than the inspection amplitude a(s) in char.acterizing crack size) were not

used as input to the RFC procedures, or for any other purpose besides the

inspection-characterization regression in Figure 10-3.

10.1.4 Execution of the Fatigue Experiments

All specimens were cycled on the MTS machine at one of the three
stress .. g, level C,, eje.,.,, . .. 0 .1.. .. 1.... i.. s. . l.. perfor td A ll

specimens at intervals based on both the stress level employed and the results

of previous inspections. While 5 to 11 inspections were typically accomp-

lished ox a specimen, some specimens experienced fairly rapid failures and as

a result were inspected only two or three times. The interval of these actual

inspections has no connection with the method for simulating RFC inspection

intervals to be descvbed 4, Secti-,n 310.2.

10.1.5 Fatigue Specimen Test Results

The results from the 32 fatigue specimens is given in Table 10-1. The

table lists the actual time of each inspection, N, and the crack length, 8.

for both tvie left and right side of the specimen calculated from the

10-8
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THE HISMR Of RFC SPECIMENS 1 3S2.

FOR SPEC Is, WITH 1t TIME! PT). THE NHAT/, RATIO IS 1.7476*. AND THE INSPECTIOH C FAILURE HISTORY IS'

INSPECTION OR FAILURI CYCLES MEASURED LEFT CRACK MlASURED R34T CRACK

4000. 0.0050 0.0
5000. 0.0tt2 0.0
5500. 0.0300 0.0
6000. 0.3550 0.0150
6500. 0.0650 0.0225
70or. 0.0675 0.0300
750- . 0.0700 O.*400
8000. 0.1tts 0.0500
8500. 0.1225 0.0550
9000. 0.1275 0.0725
9500. 0.t2ts 0.2075
9SSO. FAILURE POINT's /A N/A *as 16690.

FOR SPEC I 6 , WXTH 9 TIME PTS, THE tHAT/N RATIO IS 1.13790, AND THE INSPECTION C FAZUI!R HISTORY 1S

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MASIUED RIGHT CRACK

14000. 0.0 0.00O5
15000. 0.0 0.0075
16500. 41085 0.0200
16000. 0.02to0 0.O2s
20000. 0.0315 0.0500
21000. O. 0425 0.•050
24000. 0.0595 0.1560-
26000. CI n 0.2:25
26310. FAILURE POINT' WA N/A XNS'c 9940.

FOR SPEC 3,o WITH 6 TIME PI5. ThE WIHAT/4 RATIO 13 0.99331, AND THE INSPECTION C FAILURE HISTORY IS'

INSPECTIho4 OR FAILURE CYCLES MIASURED LEFT CRACK MEASURED RIGHT CRACK

4000. 0.0 0.0068
4500. 0.0073 0.0147
5000. 0.035 0.0294
5500. 0.0646 0.0580
6000. 0.21a4 0.1967
6030. FPIU!RE POINTs WA W/A )"Sz 5990.

FOR SPEC I 4,• ITH 4 TIME PTS, THE HHAT/N RATIO IS 0.93238, AND THE INSPECTION C FAI!RE HISTORY IS'

Z3SPECTIOI4 OR FAILURE CYCLES MEASURED LEFT CRACK IEA" MED RISHT CRACK

25000. 0.0176 3.•235
30000. 0. 058 3.0279
35000. 0.1099 0.1836
38400. FAILURE POINT: WA WA XIIas 35617.

Table 10- - Complete Results of Fatigue Experiments Specimen Inspections.
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FOR SPEC I S, RITN 8 TIfE PT1, THE NIATIN RATIO IS 0.99299,,AND THE INSPECTION C FAILLIEE HISTORY IS'

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK ,IKASED RIGHT CRACK

10000. 0.0029 0.0083
15400. 0.0068 0.6088
15460. 0.0102 0.0088
16510. 0.0117 0.0088
17500. 0.0332 0.013f
20000. 0.1706 0.0823
22500. 0.21& 0.1967
22750. F ..LUR& POINT' N/A N/A X15Z 22591.

FOR SPEC 8 6, NITH 7 TIME PTS, IhV IHAT/N RATIO IS 1.15961, A THE INSPECTION C FAILURE HISTORY IS'

zNSPECTION OR FAILURE CYCLES MEASURED LEFT C.ACK MEASURED RIXGT CRACK

25000. 0.0 0.0088
27500. 0.0 0.0764

¶ 30000. 0.0 0.1316
32500. 0.0 0.1793
35000. 0.0132 0.2314
37300. 0.0411 0.2331
39600. FAILURE POINT' H/A l/A xi045 45922.

FOR SPEC 6 7, WITH 5 TIME PTS, THE OHAT/H RATIO 15 1.34176, AND THE INSPECTXO, C FAILURE H]IISORY IS'

INSPECTION OR FAILURE CYCLES MEASURED RIFT CRACK MEASURED RIGHT CRACK

20000. 0.0411 0.0073
2101.. 0.vo46 0,047
2i50O. 0.0882 0.0294
25000. 0.Z240 0.0646
23360. FAILURE POINT' N/A N/A )Ms 3408t8.

FOR SPEC 6 Or WITH 6 TIME PTS, THE HHAT/N RATIO IS I.1749S, AilO THE INSPECTZON C FAZILRE HISTORY 15'

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK IIEAVIEO RIGHT CRACK

S500. 0.0 0.0117
6000. 0.0 0.0294
6500. 0.0073 0.061?7
7000. 0.0176 0.1099
7500. 0.0294 0.1489
7790. FAILURE POINT' W/A ./A ?oa nin.

FOR SPEC 6 9, WITH 10 TIME PT! THE I*AT/N RATIO IS 0.43t243, A THE DINECTION C PAILUIRE HISIQ 158

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIB i CRACK

M7500. 0.0029 0.00t9
O200. 0.004#4 0.0044

22500. 0.0044 0.0044
25000. 0.0044 0.0044
27500. 0.0161 0.0088
"30000. 0.0338 0.0558
32500. 0.0558 0.1229
35000. 0.1055 0.t053
37500. 0.1880 0.?791
37320. FAXLLIPE POINT' iWA W/A XNS 16225.

Table 10-1 - (continued)
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FOR SPEC G 19. WITH 5 TIME PT THE HHAT/4 RATIO IS 1.33714, AND THE VmaCTzOH w FAILURE HISTORY 1-'

TN'PECTIZH OR FAILURE CYCLES REAURED LEFT CRACK IEAMMED RISIT CRACK

7500. 0.0441 6.0
10000. 0.0705 0.0
12500. O.!1s6 9.0
15600. 0.1706 0.0164
17090. FAILU!E FIONTl WA WA Xf* 21MR8.

FOR rSEC 6 11Ie WIT * TIME PTSP THE HHAT/H RATIO 13 0.764", AND THE INSPECTION C FAILURE ESlTURY 15.

WaTION OW FAILURE CYCLES MEASURED LEFT CRACK MEASURED RISHT CRACK

4000. 0.0 0.0235
4500. 0.0 0.0411
"cc000 0.007 0.0793
5M30. FAILURE POINT' WA W/A 0Sa 4073.

FOR SPEC I 1t WITH 4 TIM PTS. THE WAYT/ RAT.T' IS 0.70355, AND THE INSPECTION C FAILURE HISTORY IS,

WIMCTIOH OR FAILURE CYCLES MASURfED LEFT WAU IEABURED RIGHT CRACK

"Ano. .odb0 0.0105
1000. 0.0117 0.0646

o1001.. 0.0705 0.1055 @. .11•700. FAILURE MVY~ls W+A W/A MR45 ass.

PFR WM 0 ISi, M1114 3 TIME PMe THEHHAT/N RATVlt It 1.6772, AND ThE 2ISPEMCTIN C FAILURE HISTRY IS'

XMVZI- OR9 YIAfW! CV3Lr3 IMiM3ED !IF r CRAZZ. MEASURED RINI! CRACK

4000. 0.0 0.0411
5000. O.0th 0.0*68
X4. 0. 0.0*41 0. *4
Moth. FA]rLURE POIHT: N/A W/A 05' 9929.

FOi SPEC U 14M, NW& I TIM TUIE HAT/H RATIO IS 1.8.4789, AND THE INSPECTIOH L FAILURE HISTORY I3'

INUECTIOH OR FViLURE CYCLES MEAR.REO LEPT CRACK MEAMISED RIGHT CRACK

1904V . 0.6073 0.0352I "D.+•0 O,113r 0.0338 !
11000. 0.0t" 0.01316

lflhC.. MIA t/

PMr bfC 0 15, RTPH 5 TIME PMe, T1! 3SAY/W RATIO IS 0.3261t, AND THE INSPECTION FAILURE MHISORY 1IS

msrccra 06 FAILURE CWCL FEflMEO LOT CPAi" MEASURES RIGHT CRACK

17500. 6.0925 0.0
- 20000. 0.1533 00M33
t2sGO. 0.2033 0.0652
C5002. 0.2053 0.tSI9
M&HG PAILWE POINT' tWA WA MIS 0*90

Table 10-1 - (continued)
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FOR SPEC 3 16, WITH 13 TIME PTS, THE H4AT/H RATIO IS 0.81076, AMt THE INSFECTION C FAILURE HISTORY jSt

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

9000. 0.0 0.0117
95O,. 0.0 0.0205

10000. 0.0 0.0382
10500. 0.0 @.0st9

11000. 0.0 0.0617
11500. 0.0 0.0705
12000. 0.0117 0.0925
12s00. 0.0191 0.118s
13000. 0.020s 0.1402
13500. 0.023S 0.17so
14000. 0.0323 0.1967
14500. 0.0588 0.2314
14790. FAILURE POINT: N/A H/A xNS8 11991.

FOR SPEC S 17, WITH 4 TIME PrS, THE IHAT/N RATIO IS 1.69072, AM THE INSPECTION C FAILURE HISTORY IS5

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEEASURED RIGHT CRACK

17500. 0.0 0.0793
2OOO0. 0.0 0.0966
22500. 0.0294 0.2401
24110. FAIL4RE POINTr N/A N/A X)SX 40811.

FOR SPEC 8 18, WITH 7 TIME PTm, THE HHAT/1 RATIO IS 1.61053, AND THE INSPECTION C FAILURE HISTORY IS,

DOSPECTION OR FAILURE CYCLES IIEASURED LEFT CRACK MEASURED RIGHT CRACK

8000. 0.0 0.0176

9000. 6.0 6.0793
9500. 0.0 0.1013

10000. 0.0073 0.1750
10500. 0.0332 0.2097
10990. FAILURE POINT' N/A N/A XNSs 17700.

FOR SPEC t 19, WITH 9 TIME PTS, THE IHAT/, RATIO IS 3.02453, AND THE ZNSPECTION C FAILURE HIS TORY ISt

INSPECTION OR FAILURE CYCLES MEASUREC LEFT CRACK MEASURED RIGHT CRACK

5000. 0.0 0.0058
5500. 0. i 0.0058
6000. 0.0 0.0088
6500. 0.0 0.0176
7000. 0.0117 0.03Z3
7500. 0.OE64 0.tS9
8000. 0.0676 0.088Z
esoc. 0.1923 0.2053
8710. FAILURE POINT: N/A N/A XNS' t4344.

FOR SPEC S tO, WITH 4 TIME PTS, THE IHAT/H RATIO IS I.t3401. AND THE INSPECTION C FAILURE HISTORY IS:

INSPECTION OR FAILURE CYCLES MEASUREO LEF? CRACK HUMAED RIGHT CRACK

11000. 0.0470 0.0176
17500. 0.101t 0.070S
20000. 0.12t9 0.1967
22070. FAILURE POINT' WA WA A43% 49305,

Table 10-1 - (continued)
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FOR SME4C 21, WITH G TIME PTS, THE NHAT/H RATIO 1S 1.37682, AND THE INSPECTION C FAILURE HISTORY IS'

INSPECTION Oi FAILURE CYCLES MtASURED LEFT CRACK MEASURED RIGHT CRACK

5000. 0.0058 0.0
S5500. 0.0147 0.0
6000. 0.013S 0.0176
6500. 0.0499 0.0176
7000. 0.0793 0.0264
7500. 0.118S 0.0470
8000. 0.1576 0.0617
8390. FAILURE POINT: W/A N/A XI4S 11552.

FOR SPEC 9 t22 WITH 5 TIME PTS, THE IHAT/H RATIO IS 1.53591t AND THE INSPECTION C FAILURE HISTORY 1S3

INSPECTION 0W FAILURE CYCLES MEASURED LEFT CRACK IIEASURED RINGT CRACK

20000. 0.0176 0.0073

22500. 0.0646 0.0147
25000 0.1359 0.0538
27500. 0.2006 0.2006
Z7870. FAILURE POINT: N/A N/A X0Sz 44478.

FOR SPEC 6 23, WITH 2 TIME PTS, THE 1UIAT/H RATIO IS Z.16755, AND THE INSPECTION C FAILMRE H1STORY IS'

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK 14EASMED RNIGHT CRACK

7500. 0.0058 0.0823
9860. FAILURE POINT& N/A W/A XNS3 21372.

FOR SPEC P 24, WITH 4 TIIM PTS, THE NHAT/N RATIO IS 9.43308, AND THE INSPECTION C FAILURE HISTORY ISt

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

15000. 0.0132 0.0117
17500. 0.0381 0.0176
20000. 0.1099 0.0793
22000. FAILURE POINT, W/A W/A X5S , 535'6.

FOR SPEC 11• 5. WITH 8 TIME PilS, THE HHAT/N RATIO 15 0.70285, AND THE IH•IECTZON C FAILURE KISTORY IS&

INSPECTION OR FAILURE CYCLES MEASURED LIFT CRACK MEASURED RIGHT CRACK

fAn A.0 RE

8500. 0.0a3Z 0.0
9000. 0.0529 0.0
9500. 0.0558 0.0

10000. 0.0676 0.0
10500. 0.1012 0.0
11000. 0.2010 9.0
11350. FAILURE POINT' H/A W/A )S* 7977.

FOR SPEC f t6. WITH 5 TIME PTSt THE NhAT/H RATIO 1S 1.61010o AND THE ISECTION C FAILURE HISTORY IS$

V*SPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

12500. 0.0 0.0025
15000. 0.0 0.0235
1700. 0.0 0.0550
20000. 0.0 0.1663
21030. FAZLURE PONT: W/A W/A X)0 33869.

Table 10-1 - (continued)
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FOR SPEC 8 2T7 WITH 3 TIME PTS. THE NIAT/l RATIO IS 0.69602, ANO THE INSPECTION C FAILURE HISTOR'f IS'

INSPECTION OP FACLURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

10000. 0.0396 0.0
15000. 0.2184 043682
IS460. FAILURE POINT, H/A N/A XN04 10760.

FOR SPEC * 26, WITH 6 TIME PTS, THE HHAT/H RATIO IS 0.9S790, AND THE INSPECTION C FAILURE HISTORY IS'

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

S000. 0.0 0.0235
SSO0. 0.0 0.0411
6000. 0.0 0.0586
6500. 0.0 0.1316
7000. 0.0064 001489
7270. FAILURE POINT: N/A W/A XNlx 6964.

FOR SPEC 3 29. WITH S TIME PTS, THE MHAT/N RATIO IS 1.04550, AND THE INSPECTION C FAILURE HISTORY IS'

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT r.ACK

15000. 0.0 0.0044
17500. 0.020S 0.0044
20000. 0.1099 0.0147
2•500. 0.1921 0.0529
24600. FAILURE POINT' N/A H/A fl4S U5719.

IFUR S•,EC 3I # W!d 3i ,.T. TI " . ... Ih THE IATj RA1T IS 81.94184, AMU THE INSPECTION C FAfLUA.! HISTORY IS,

INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

7500. 0.0058 0.0793
10000. 0.1316 0.1619
10500. FAILURE POINT' N/A N/A XH58 980.,

FOR SPEC 3 31., WITH 4 TIME PTS, THE MHAT/N RATIO 2S 0.71117, AMD THE INSPECTZOH t FAZII4 HISTORV 1$'

r INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT CRACK

10000. 0.0058 0.0352
15000. 0.14%4 0.1706
15460. 0.1576 0.1880
16510. FAILURE POINT' N/A W4A

FOR SPEC 3 32, WITH 4 TIME PTS, THE NHAT/N RATIO 150 .92242, AMU THE XINSPECTION C FAILURE HISTORY IS'

INSPECTION •R FAILURE CYCLES MEASURED LEFT CRACK MEASURED RIGHT 6RACK

10000. 0.0 0.1055
12500. 0,0 0.1750
15000. 0.0 0.23S?
16150. FAILUWE POINT' N/A W/A XN4a 14897.

Figure 10-1 -(continued)
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inspection signal and the regression curve in Figure 10-3. In addition, the

actual number of cycles to specimen separation is given.

Since the inspection focused on the crack length projected on the

inner diameter of the bolt hole, failure for the analytical phase of this ver-

ification program has been defined as a crack across the entire 0.2-inch

specimen thickness; i.e., a = 0.2 inch denotes a failure. The Nf valuies given

in Table 10-1 represent complete rupture of the specimen. However, this incon-

sistency in the failure point definition is negligible since, on average, the

time to rupture was equal to 1.06 of the time for the crack to reach 0.2 Inch

and, at most, the time to rupture was 1.16 of the time to produce a - 0.2

inch.

In order to simulate cycle-counting errors similar to those investi-

gated in the TF-33 fleet analysis, the actual number of specimen fatigue

cycles as multiplied by a number which could vary between 0.32602 and 3.02453.

The specific number for each of the 32 specimens is given in Table 10-1 as the

NHAT/N ratio. The procedure was to choose values randomly between these two

limits and to maintain this R/N ratio for the life of the specimtn. The

perceived time to rupture for each specimen, Nf - XNS, is also given within

Table 10-1. It was verified that the probability distribution of the Nf

values, which ranged from a low of 4032 cycles for specimen number 7 to a high

of 53,274 cycles for specimen 16, reproduced the probability distribution

previously determined for the TF-33 disk populatior, we inspected. it should

be noted that reasonable agreement between investigated PD(R) distributions is

somewhat fortuitous due to the small sample of specimens subjected to this

cycle-counting simulation procedure. Thus, the program PERFCT was used to
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simulate a much larger fleet of specimens, namely 1000, to insure that the

overall scatter 0f PD(N) is in fact in agreement with the TF-33 probability

distribution. The N values are used for the specimens throughout the simula-

tion study which follows in Section 10.2, with the exception of one series of

computer runs in which actual N data was input into the RFC procedure to

determine the effect of cycle-counting errors for the small 32-specimen popu-

lation.

10.2 Analysis Of Fatigue Experiments For RFC Verification

Two major tasks were performed to test and analytically evaluate

several RFC procedures for the specimen data generated in Section 10.1. The

first task was the creation of software to execute the various RFC procedures

using real fati2l,, iat2, 4.nrý+t of Mnte Carlo siiieuiated data as with the

PERFCT program. The second part of the effort was to actual ly execute the

analysis using the various RFC procedures with the new software.

10.2.1 Software Development

In order to take advantage of the many improvements to computer

program PERFCT developed on a related FaAA project L41, the computer program

PERFCT.VER2 was used as a starting point. All software changes to produce

PERFCT.VER2 from PERFCT.VERI are documented in RMference 4. The major reason

for using PERFCT.VER2 is the improved ability to characterize any crack propa-

gation behavior or prediction through tabular input of the (a versus N) curve

or data.

10-16
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The procedure actually used to input a life prediction to all RFC

procedures is shown in Figure 10-4. Curve A was based upon the first specimen

tested which was used to simulate a laboratory test program that might be con-

ducted before hardware was introduced to service. Plotted Ps a dashed line on

the sare figure, curve B, is the average of several specimens that were tested

at the median alternating stress level, Aa = 105.9 ksi. As one can see, the

curve employed for most of the RFC evaluation was, by chance, too optimistic,

such that it adds an anti-conservative element to the RFC procedure. Curve C,

to the left, represents the poorest fatigue performance of the specimens

tested at Au = 105.9 cr 119.4 ksi. It was employed in a limited sensitivity

study to determine the impact of using a different life prediction on the RFC

procedure results. The two solid curves in Figure 10-4 were accurately input

in tabular form to PERFCT.VER2 by dlscretizing them into many piecewise linear

segments. This RFC verification software program is called PERVERT (probabil-

istic engineering retirement f - cause verification tester).

In addition to the four procedures outlitied in Table 7-2 and repeated

in this section for convenience, as shown ir. Table 10-2, a more primitive RFC

procedure reflecting an unalterable maximum allowable flaw size criterion is

S.-.. ..- j--* pe.",,,•u,,y, ,,,eu,, i,,,ervais are set at a constant value, in

this case XNMIN equals 1000 cycles and if a perceived flaw size a greater than

the allowable of a the specimen Is rejected by the RFC procedure, Otherwise,a

the specimen is accepted. There Is no limit on the maximum allowable crack

size used for procedures RFC 1 through RFC 4 (the primitive procedure is

numbered RFC 0). There is no provision for replacing specimens as there is

for replacing disks within an engine. Each specimen is run until it Is

rejected or falls. As will be seen below, the RFC procedure is given credit

,I 10-17,1
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for using as much of the !lfe of the specimen as is possible without causing a

failure; failire is defined as a crack all the way ac:,oss the thickness at the

ijner diameter of the hole, a = 0.2 inches.

The complex cost algorithms used to evaluate TF-33 and r-Ioo proce-

dures hiave been .,eplaced with a mjch simpler algorithm. This simple algorithm

reflects the fact that there is no specimen replacement or repair sinmulited so

that the only two costs are inspection and average failul'c cost. The cost to

inspect a specimen .4as set at $1OPO and the average specimen failure cost was

set at $100,000. As discussed in Section q, the failure cost has been set

artificially low in or'der to encourage RFC procedures which can result in

failure rates on the order of 1 or 2 in the 32-specimen population.

The last item was to sLt the maximum useful life of the specimens and

the. design life of the spec!mens. For this RFC verificatiu,, testing, the

specimen design life (DL) was set at MO0O cycles and the maxini;im useful life

(Q) was Set dt 55,000 cycles. This latter value is effectively infinite in

that it exceed, the maximum actual life of every specimen. Therefore, no RFC

procedure was able to retire a specimtn on the basis that its life had been

As was done preoously for the fleet simulation, the±se 32 specimens

4 were divicded into 4 groups of 8. The starting time for each specimen group

S...as then staqqered to permit the program PERVERT to learn from the past

fleet's perfurnance. The first group was started at time 0, the second group

u s startin at 4000 cycles, the thri group was started at 8000 cycles, and

the foirth group was started at 12,000 cycles.

10-20
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10.2.2 RFC Procedure Results and Verifications

The raw experimental data or Table 10-I were input to the programn

PERVERT to test the five RFC Procedures, 0 throuAgh 4. Major results of these

simulations are tabulated in the remainder of this section.

Primitive RFC Procedure (No. LJ. Table 10-3 shows the effect of

changing the allowable flaw size as part of the primitive RFC Procedure 0.

The takle shows that more than half of the total avdilable RFC cycles are

obtained from the specimen population, before the first failure is encoun-

tered. Note that since this primritive RFC procedure involves only a maximum

allowable flaw size criterion, the over-estimation of the crack growth life

associated with the curves in Figure 10-4 plays no direct part. Thus, the

table simply refle'cts that specification of an allowable flaw size somewhere

between 20 and 50 mils uould result in optimum performance for thr small RFC

verification specimen population.

RFC Procedure No. 1: Constant Safety Factor and Crack Growth Rate

Prediction. Results of applying RFC Procedure No. 1 with an overly optimistic

and unadjustable crack gro%th rate prediction are summarized in Table 10-4.

* Failures Ar anrcoutered even Wfth life-base safetQ; factof of 10. Ar, unirea-

listically high life-base safety factor or 7 is required to optimize RFC

costs-per-cycle, under the assumed ratio of inspection and failure costs, For

safety fa,..tors of 4 and ý;, which are usually quite reasonable, 6 and 5 fall-

uroe were suffered, respectively, of the 32-specimen populitlon; this clearly

sV.ows the Ofect of the unaltercble anti-conservative life predictions used in

RFC Procedure No. 1.

10-21
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RFC Procedure No. 2: Constant Safety Factor withi Adjustable Life

Prediction. Dramatic improvement occurred using RFC Procedure No. 2 to alter

the life prediction, on a specimen-by-specimen basis, according to the per-

ceived inspection site, a is shown in Table 10-5. While unreasonably high

safety factors of 7 to 10 are required to eliminate failures and optimize the

RFC procedure costs, the safety factors of 4 and 5 result in much better per-

forrnance than with RFC Procedure No. 1. Under the assumed cost constraints,

the 0.79 cent pir cycle result for this RFC procedure has turned out to be the

best result obtained for any RFC procedure and parametric specification

employed in this study. The attainment of 77% of the maximum possible life of

the specimen population, while encountering only a single failure, appears to

be a very impressive performance. Equally impressive is the ranult under a

safety factor of 10 in which 71% of the total available life of the specimen

population was obtained without failure.

RFC Procedure No. 3: Constant Life Prediction with Probabilistic

Update on Return-to-Service Intervals. Improvement of incorperating proba-

bilistic update procedures into the RFC Procedure No. . is indicated in Table

10-6. Specified maximum allowable failure probabilities of 0.0i to 0.0)2

represent optimum performance although the overall levels achieved appear to

be inferior to those due to the deterministic adjustment to the life predlc-

tion algorithm shown in Table 10-5. While no definitive conclusinfis can be

made because of the small RFC verification specimen population, a proba-

bilistic update procedure could be improved well beyond the current level

dchieved by reducing the overprediction of residual life that results under

low failure costs and high failure r•tes on the order of 0.01 far a return to

service interval are tolerable.
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RFC Procedure No. 4: Adjustable Life Prediction and Probabilistic

Update Both Included. Results of employing what is nominally the most

advanced RFC procedure are documented in Table 10-7. There are essentially no

significant differences between the results of Tables 10-6 and 10-7 which

indicates that the two positive updating benefits of altering tne life predic-

tion on a specimen-by-specimen and probabilistic updates of fleet performance

as r whole are not synergistic in the current application. Recall from the

TF-33 study that much more synergism was apparent in that RFC Procedure No. 4

was capable of resisting very large life predictions and cycle counting

errors. Again, the lack of synergism in the verification population is

believed due to the current probabilistic update procedure and the presence of

small fleets with high failure rates.

Effect of Eliminating CPycle Counting Errors with RFC Procedure No. 4.

In comparina. Tables 10-7 and 10-8, we note little or no improvement associated

with removing the cycle counting errors. Based upon the extensive investiga-

tion showing large effects of cycle counting errors on the TF-33 large fleets

with low failure rates, it is clear that the RFC verification population was

too small to bring out the worst features of large cycle counting errors.

Limiting the Maximum Allowable Return to Service Interval. In

Tables 10-9 and 10-10, RFC Procedure No. 4 Is inves-tIgated for finite values

of XIMAX, the maximum allowable return to service interval. In comparing

Tables 10-9 with 10-7, the imposition of XNMAX u 1000 cycles is restrictive

enough to produce slightly higher optimum costs. However, the lack of fail-

ures for all values of Fa less than or equal to 0.05, indicates that this

10-27
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imposition results in a more forgiving RFC procedure and a "flatter curve" of

RFC costs versus Fa.

Table 10-10, with its maximum inspection interval of 2000 cycles,

appears to improve the RFC Procedure No. 4. This can be seen by comparing the

RFC costs per cycle in Tables 10-10 and 10-7. Since an optimum probabilistic

update procedure should utilize maximum flexibility, the fact that restric-

tions of the inspection interval improved performance indicates that the

probabilistic update RFC procedures used herein can be improved.

10.2.3 Discussion of Results

The comparisons made in Section 10.2.2 indicate that, especially under

such unfavorable conditions as an overly optimistic initial life prediction,

deterministic or probabilistic update, combined with enough flexibility in the

RFC procedure to respond to field problems, can have a marked improvement on

the performance of the RFC system. The fact that tue probabilistic procedure

did not out perform the deterministic update procedure is not considered sig-

nificant, but rather is an artfact of employing a procedure designed for

large, low failure rate fleets to a small high failure rate specimen popula-

tion. Some further studies have verified this belief by indicating that the

population size of 32 was not enough to permit substintial improvement of the

probabilistic update results with either more (1) lead-the-fleet cycles, ,.

(2) accuracy in the initial life prediction (a versus N) curve.

It is verified by the RFC verification tests that RFC, with some

reasonable feedback and updating flexibility, can be successful for making

return-to-service decisions for components similar to the TF-33 third stage

10-32
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turbinp disk. This RFC verification test evaluation indicates tnat the proba-
bilistic update procedures developed herein can be further improved; it is
also clear that such improvements cannct be accurately verified using small
specimen populations, but will require -- ulation of large fleets and actual

I field experience to truly evaluate optimized RFC systems designed for large,

low-failure rate fleets.

10-33

I -I



11.0 CONCLUSIONS

- The inspection reliabilty of three eddy current inspections has been
determined and found to be adequate for an RFC procedure whose critical
crack size is similar to the bolt holes in the TF-33 third stage disk.

- The preinspection material quality can be determined through analysis of
non destructive inspection results.

- Large potential cost savings have been demonstrated through RFC simula-

tion and verified by laboratory testing.

* Four RFC procedures have been developed, tested using Monte Carlo simu-
lation, and shown to result in cost savings.

• Sensitivity analyses with Monte Carlo simulations show that the optimum
RFC procedure should include both a specific component feedback and
rejection decision update capability.

- The laboratory verification test program has demonstrated that a variety
of RFC procedures are very cost effective.
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APPENDIX A

A BRIEF INIR(KD.TION TO
MONITE CARLO SIMULUTION

Monte Carlo simulation is a method for solving complicated technical

probability problems, such as the eval'ation of a Retirement-For-Cause

procedure in the face of systernitlc errors and random v~rlatlon and uncertain-

ties of processed data which cannot be solved directly without questionable

approximations. In a Monte Carlo solution, the given problem is replaced by a

mathematical or engineering model y - f(xi;ai) •ihich can be solved numer-

icalby. This engineering model is called a simu'latlon, the xi are variables

and the zi are constants. Many of the engineering parameters of the problem

are random variables. In the simulation, the random variables X are repre-

sented not by single-point typical or worst-case values but by specific

cuml.~�ý.im e itlibt • .MV F1:..( Than valte iý: sperified fnr earh variahle

by choosing a numher at random from its co.-responding distribution. Figure

A-I shows the procedure for selecting each Xi at randem. Each set of values,

when substituted into y = f(xi; aj) deternmi~jes an answer Y (one data point)

used to help estimate F(y), the desired probability distribution of the

dependent variable. This single data piitVt constitutes one trial. Accurate

Cale;c'a~toid- Ey cnb obt4Fe CI-N -- faming a lazrg nauaber of trlals

with the aid of a computer. In suin•aiy, Monte Carlo simulation is an

artificial generation of a statiszical sample of Y, which in, this case repre-

sents, first, failure times or ages of a disk population and, second, thE

outcome of events and flnancial losses and gains of the RFC procedure under

investigation, In order to 7iculat'! tPese RFC gains, it is necessary to

embed software to simulate all aspects of tActual and estimated fatigue perfor-
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pd(u) .9999
Linear Scale

PD(xj) WeibullSDist ributi on

S(2) Sca!e
(2) .... .793------

1 0Experimental
.5 Data. , (3)

!, i1.0 e . Input Points

i~~~- I i• sdnterpol ati on

0 I

0. 106

u (Linear Scale) xi (Log Scale)

Uniform Distribution: Any valur-
of "u," bete .- 0 and I hs .
equal probability of being
st] ected.

1. Use uniform distribution random-number generator to select a value of "u"
(e.g., u = 0.793)

2. Enter cumulative distribution scale at u where u = PD(x,(u))

3. Using the piecewise Weibull interpolation, calculate T, where T = xi(u)

For the example shown above, P(xi < T) = 0.793. In general,

P(x i < T) = P(Xi < xi(u)) = PD(xi(u)) = u

Figure A-i - Monte Carlo Simulation Procedure Used to Select a Value of One
of the Input Random Variables, xi-
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mance of each hole in each disk within the Monte Carlo simulation computer

program. Each trial yields an RFC gain or loss; enough trials yield a prob-

ability distribution, with the desired scope and accuracy, of the average RFC

gain, 1.

- The Monte Carlo method is a brute force numerical approach which has

essentially no limitations with regard to the complexity and scope of the

problems it can attack. The method's major drawback is that an extremely

large amoitnt of computer programming and execution time and cost may be neces-
sary to generate enough samples of Y to obtain the desired accuracy at the

upper and lower portions (tails) of the probability distributions. To sumima-

rize with a reasonable analogy, the Monte Carlo method is to probabilistic

analysis what the Finite Element method is to stress anaiysiso
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APPENDIX C

DETAILS OF THE PROBABILISTIC- OR
STATISTICAL-UPDATE ANALYSIS OF THE FLEET

It is anticipated that for most components, the design and RFC analyses

will be accurate enough to be used throughout the life of the fleet and not

require major changes. However, given the complexity of the physical phenom-

ena involved (such as fatigue crack growth and initiation) and the procedures

themselves (with varying degrees of inspection uncertainty and complex con-

straints), occasional surprises will occur. To prepare for these inevitable

problems (and also, for trouble-free components, to allow for gradual relaxa-

tion of the usually conservative procedures as field data become available) a

nearly-continuous statistical update of the RFC pro'edure, based on field

performance. is desireable. For the current studies, such a procedure has

been developed. While the procedure does not consider every aspect of the

overall RFC problem for a multi-component and multi-failure-mode engine, it

captures the major characteristics of an effective statistical feedback loop

based upon field performance.

The developed procedure is a trade-off between (1) providing effective

feedback into the RFC decision-making algorithm and (2) providing enough

sinplicity to allow development, software incorporation, and detailed evalua-

tion within the limitations of these studies. The major capabilities and

limitations are listed in Appendix B in the comment cards of the applicable

PERFCT computer prograM.

rigure C-1 was previously described in the text (Figure 7-6) and is

reproduced here for convenience. It illustrates the major aspects of the

C-IJ I
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r * t/tp * (Actual/Predicted) Times to Failure

Figure C-1 - Schematic Guide to Procedure for
Setting Maximum Time (t 2 ) to Next RFC
Inspection. Past Experience, Field
Failures, and Successes are Used to
Estimate a and 8 and to Continually
Update These Estimates. Then, at any
Given Time, with Known a, 1, t 1 , tp,
and Maximum Allowable Failure
Probability Fcmax, we can Calculate
(r,, t2 ) Graphically as Above, or
from Eq. (7-17b).
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statistical update procedure. A two-parameter Weibull distribution is used to

characterize the field performance data. This distribution was chosen mainly

for its ease oF mathematicil application to the problem and, in part, based

upon its traditional use to model certain fatigue processes. However,

sensitivity studies indicate that any reasonable two-parameter distribution,

used in the same way as the Weibull distribution is herein, will provide very

* similar results since two-parameters are quite adequate to fit a probability

K distribution, such as shown in Figure C-I, to mainly "success data" and very

few failures,

One qualification for the utilized two-parameter Waibull distribution

is that it "overreacts" if high-time outliers are present in the set of fa-

tigue data under analysis. This problem is illustrated in detail in Reference

(8). This outlier problem can not impact the typical RFC procedure adversely

since the outliers must occur at values of r (- actual/predicted times to

failure) much greater than 1. This imp',ies the use of life-based safety

factors significantly less than 1, an absurd practice for life extension

decisions of critical components. A second and more important qualification

"- ~of the Welbull distribution is that it permits only monotonic changes in

failure rate with time A(t). Thus, the bathtub curve in Figure 7-7 cannot be

modeled with the Weibull model. More complex models can be used but it would

be helpful to transform them into a "Weibull-like" equation to allow use of

the simplified procedures described next.

The two-parameter Weibull distribution is expressed as

F(r) I - exp[-(r/B)U); r,a,o > 0 (C-i)
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where F is the unconditional cumulative failure probability of a component

before age t. where t = rt t and r are defined in Figure C-1 as the
P, p

predicted time to failure after inspection and as the ratio of allowable (or

actual) to predicted life. a is the snape- or scatter-parameter which is

related to the standard deviation "s" of the log of life-prediction parameter

"1r" through

a• = 0.556/s(log r)

Finally, B is the scale parameter representing the near-mean value of r where

F(O) m 1 - I/e = 0.632.

An estimate of both a and B are required before the first RFC decision

is mi1da The-e no-in,•' etimatesc will hbe rimn~ilu bacaA *pon labr.tn-.

observed scatter and mean life performance which are suitably modified to

account for other in-service sources of variation anticipated during the RFC

process. The best method of making prior estimates of a and B is to use

PERFCT to perform a Monte Carlo simulation of the fleet under realistic condi-

tions bu. fer fleet sizes and/or engine lifetimes much greater than actual, in

"^ul ^ ^ .It .. .some '-mIiul .... re .....U . . 1 .....It.t.... Sl the sirlli atlU l

can be constructed to contain most of the expected source of life prediction

variation, the a av# 0 values can be taken directly from the simulation.

The most important pre-RFC parameter estimation is that of parameter a

since it (AL) is used during the entire application of RFC unless and until a

failure occurs. BET, the prior estimate of B is also used until the field-

data-based estimate (8, 9),

C-4
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1 /AL
BETM - ")rAL/NFF iC-2)

Scomponents

(where NFF is the total number of failures or 1, whichever is greater) pro-

duces a value larger than the prior estimate, BET. Thus, the prior estimate

is always used to compute the failure probabilities until and unless it is

proven to be too conservative by enough successful fleet performance.

If one or more failures occur, it is possible to estimate a from the

field data. Rased upon exhaustive studies referenced in (8), the maximum

likelihood estimate (MLE) method is u;.-..d. These estimates are derived L9)

from the implicit equation

V ALMi~ • I n ri
S~coA~nents

o rALM (1/ALM) - In r /NFF 0 (C-3)

[ ca nents;;I'
where ALM is the MLE of a and the implicit solution is conducted with a

successive-approximation numerical method in Subroutine MLE in PERFCT

(Appendix B).

Since the hopefully small number of field failures are not adequate to

characterize a very accurately, the procedure has been designed to use a

weighted average (ALU) of the field data and the prior estimates of a, ALM and

AL, respectively. The estimate of a that is actually used is calculated from
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ALU - 1%WI + W2)/(WI/ALM- + WZ/AL2  (C-4)

where WI and W2 are weights computed from Wi = NFF and W2 = XEFF. Here, XEFF

is specified by the analyst as the "equivalent" number of failures in the

heterogeneous data used in the AL prior estimate. Great confidence in this

prior estimtate might be reflected oy a value like XEFF - 10.. while a "guess-

timate" value of AL might result in a specification of XEFF less than one.

Since a is inversely proportional to s(log r) and since the accuracy of

estimating s(log r) is approximately proportional to the square root of the

number of failures in the utilized data set (8), Equation (C-4) is a

statistically correct wightvng of two estimates of a according to their

respective variances.

The actually used estimate of 0, BErU, is then computed (U from

F I/ALU

BETU ri rLU/N FF1  (C-5)

[component s J
C.i Conditional Failure Probability Estimate

Once the estimates of a and 0 , ALU and BETU, have been decided upon,

it remains to compute the amount of life extension permitted for a given

allowable maximum failure probability Fcmax. It would be incorrect to simply

substitute Fcmax, ALU, and BETU for the parameters in Equation (C-i) and solve

for the value of r as the ratio of allowable-to-predicted life for the next

extension. This is because Equation (C-I) gives the unconditional cumulative
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failure probability for a part cycled from 0 to t - rtp. As shown in Figure

C-I it is the col(11tionAl failure probability that is of interest given tItat

the part has lasted to the present tlie, t1 , at which the RFC decision is

,nade. The condition•al probability of failure Fc between times t 1 (the present)

and t,) is given by

2(F =(( F(r))l - F(r (C-6)

where r 2  t At and r1 = t 1/tp. Using equations (C-i) and (C-6) to solve t

we obtain N = t- r 2tp, where

I/ALU
r 2  [r A + BETUALU log(l(00-Fcmax))] (C-7)

Since the disks in general cannot be inspected exactly at time t allow

t 2 , the next lower inspection time is scheduled using Equations (3-18) and

(3-19) in the text.

The above "update" or "field-feedback" procedure has worked very well.

It performs almost as well as the constant safety factor procedure under

optimum safety factor conditions where the RFC procedure contains no major

errors and is applied often (i.e., every 750 cycles). Most Importantly, the

update procedure provides for effective RFC in the presence of much longer

inspection intervals or of errors that totally devastate the no-feedback,

constant-safety factor procedures.

Several areas of improvement have already been identified for the

update procedure. The simplest and most obvious improvement is to apply the
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formula more frequently than it is now, Specifically, instead of updating

every minimum inspection interval, it is recommended that the frequency of

update be increased at least to the point where an update Is conducted immedi-

ately after any field failure. This higher update frequency should produce

optimum results at least as good as those produced by the "perfect-safety-

factor" deterministic procedure. It is anticipated that any actual appli-

cation of the probabilistic update technique would be conducted nearly

continuously. The initial development herein did not provide for continuous

update because of prohibitive computer costs far the extensive series of

simulations we conducted.

The next three capabilities that should be incorporated are to (1)

include feedback from destructive examination of retired components, (2) allow

for more than one component and type of failure/inspection site to be included

in the conditional failure probaoility calculations, and (3) permit different

"r" distributicns to be used for old and young components, where advisable.

While the mathematics to add these capabilities are very straightforward, the

bookkeeping necessary to include them in a computer program and, especially,

to simulate them over the history of the fleet is expected to be somewhat

tedious and involve significant execution-time computer costs.

One of the favorable aspects of the chosen statistical update proce-

dure, is that it allows all knowledge of the phenomena and field experience to

be directly incorporated into the RFC decision making process. Further, the

graphical interpretation of the "actual/predicted" procedure in Figure C-I is

very similar to that used by gas turbine and other vendors who design and

specify allowable life for life-limited, fatigue, or wearout-critical compo-
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nents. Finally, the update procedure, while requiring the initial choice of a

safety factor or its equivalent, acts automatically to optimize the safety

factor as field data become available.

ME
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APPENDIX E

PERFCT OUTPUT

The most salient output of the PERFCT program's slm'ilations of disk

fleets (Section 4) and test units (Section 5) is presented here as a series of

Tables. Each table corresponds to a data point in the figures of Sections 4

or 5, plotting average RFC dollar gain M) versus safety factor (SF) or

failure probability (Fcmax). The tabulated output includes subfleet introduc-

tion times and numbers of engines, inspections, replacements, and failures.

I



E-1

1500 DISK STIN CASE-HI RES PROBE •NSPECTIOH
INSPECTION IMHE SPECIFIED WITH CONSTANT SAFETY FACTOR. SFzI.00.

X\MIN,XtIMAXXNPI.SASS,AL,567,XEFFIPR= 750. 750. 15260. 1.000 440 1.00 I. 3

SUVFLEET TIME HUMBER OF NUMBER OF NUMBER OF NUIMBER Or RFC DOLLAR GAIN

ID 4 INTRODUCED ENItiES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2248 466 7 -2905.
2 750. 375 2250 432 4 13048.
3 1500. 375 2250 434 2 24430.

2250. 375 ZZ50 438 3 19016.

TOTALS: 1500 8990 1770 16 13610.

E-2

1500 DYSK STND CASE-H! RES PROBE INSPECTION
INSPECTION TIfE SPECIFXED WITH CONSTANT SAFETY FACTOR. 5Fr=.55.

XVMINXA#AXXNPI,SASS,ALDETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 I. 3

SUnFLEET TItlE NOEp OF lUMBER OF NIUMER OF MPED OF REc LD0, 0' AlN

10 t IN'TROUCLJ ENGINES INSPECTIONS R:FLACErIENTS FAILURES PER ENGINE

1 0. 375 2249 593 2 21241.

2 750. 375 2250 545 1 27497.
3 1500. 375 2249 508 1 28301.
it 2ý50. 375 2Z50 568 1 27103.

TOTALS, 1500 8998 2217 5 26035.

E-3

1500 DISK STNO CASE-HI RES PROE INSPECTION

IVSPECTION TIME SPECIFIED WITH CONSTAAT SAFETY FACTOR SF22.00.

XltIN,XNhAX,YJPI,SASStAL,BET-XEFFIPR= 750. 750. 15265. 1.000 4.00 1.00 1. 3

StBFLEET TIME NIMPER OF NUMtER OF NUMBER OF PfUNDER OF RFC DOLLAR GAIN
ID x INTRODUCED ENHfINES INSPECTIONS HEPLACEtENYS FAILURES PER ENGINE

1 0. 375 2249 660 a 30177.

750. 375 2249 660 0 30577.
S1500. 375 2250 677 1 341.
4 2250. 375 2250 651 1 25443.

TOTALSt 1500 8998 2668 2 27764.

E-2
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1500 DISK bTNo CASE-H! RES PROBE INSPECTION
II4SPCCTIO¢4 !IuiE SrECIFIEO WITH CCNSTANT SAFETY FACTOR. SFu2.80.

XtIINtlN,)XPsX,XtJPISASSALBETXEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUrIFLUT TItlE NMlIBER OF NUflSER OF NUMOER OF NUMlBER OF RFC DOLLAR GAIN
10 n? s4TRODUCED LNGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 632 0 27137.

2 750. 375 22'50 837 0 27056.--
3 1990. 375 2•250 796 0 2•7876. ''-
4 -2:50. 375 2249 777 1 22903.

TOTAI.S: 1500 8998 3242 1 26243.

E-5

l:jo DISK STHO CASE-HI RES PROBE INSPECTION
INSPECTIVN TitlE SPECIFIED WITH CONISTAHT SAFETY FACTOR. SF:3.30.

XNMINI,XltAX,XNPISASSAL,BET,XEFF.IPR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SiBFLEET Tir.E A"IER OF tNMBER OF NIMBER OF NIfISER OF RFC DOLLAR GAIN
IS IHTRO0SCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PE.R ENGINE

1 0. 375 2249 903 0 25717.
2 750. 375 22.50 899 0 25816.
3 1500. 375 2250 866 0 96476.
4 2250. 375 2249 864 0 26497.

TOTALS' 1500 8998 3532 0 86127.

1•500 DISK ST1N0 CASE-HY" RES PROeE INSPECTION
XWV•PECTIO TINE SPECIFIED ITH CON STANT SAFETY FACTOR. SF:4.00.

XH•ZI •XW~AX, •lPZ, SAgS, AL rET,•XEFF •IPR = 730. 750O. 15260. 1.000 4.00 1.00 1.

SUGFLEET TIMlE 1N1R52 OF NUMBER GF NUMBER OF NUMBER OF RFC DOLLAR GAIN
10 a• INTRODUCED ENINGZES ;INS•PECTIONS REPLACEM'TENTS FAILURES PER ENSINE

1 0. 373 22:49 957 0 24637.
2 750. 375 peso 9S2 a 24756.
3 iso0. 375 1$0 V27 0 •S6.
4 2250. 375 t9 943 a t4877.

TOTALS' 1500 0990 3701 a 94882.
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1500 DISK STNO CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIf;E O WIT1 CONSTAN4T SAFETY FACTOR. SFS.00.

XtlhIH, XIAXXtPIPvSASS,ALBETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

S3BFLEET TIME NUMBER OF HNUMER Of NLPSZR OF NUMBER OF RFC DOLLAR GAIN
103 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1017 0 23437.
2 750. 375 2250 1009 0 23617.
3 1500. 375 ZZ50 101z 0 23556.

4 7250. 375 2250 1034 0 23071.

TOTALSt 1500 6997 4072 0 3422.

E-8

1500 DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF:6.00.

XNtlIN,YNMAX.YNPISASSAL,EETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
10 I INTRODUCED ENZ&IES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I 0. 375 2249 1075 0 22277.
2 75C. 375 2250 10Q3 0 22137.
3 1500. 375 ZZo 1143 0 22936.
4 2250. 375 2248 1118 0 21398.

TOTALS' 1500 8997 4319 0 22107.

E--0

1500 DISK PERFECT CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH FERFCCTION.

XHiIN,XItNAXXNPISA5S,AL,BET,XEFFIPRz 750. 75000. 52815. 1.000 4.00 1.00 1. 3

ZUSFLEET TIME HNUMER OF NtRDER OF MRlDER 0; , NUMBER OF RFC DOLLAR GAIN
10 I INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 $24 88 0 42933.
2 750. 375 495 72 0 4328".
3 1500. 375 508 79 0 43141.
4 2250. 375 492 72 0 43290.

TOTALS' 1500 £019 311 0 43163.
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E-10

1500 DISK FAIL CASE-HI RES PROBEI.(-)l lII5FtC'iqt
INSPECTIOH 11IHE SPECIFIED WITH PEaNVVflmi.

XNHItI.XHMAX,YtZPI,SASS,AL.Bt7,*XEFFIPR: 750. 75000. 52811. 1-006 4.40 1.00 1. j,

SUSFLEET TIME HUPSDER OF I*PISEI OF HQIB!R~ cFr NI*AEU OF RrC DOLLAR GAIN
ID V IiTRODUCED ENGINES IMSF'ES1IOt4S REPLAMrNWCS rAIx;PiS FER EkIG1NE

1 0. 375 566 69 89 -432077.
2 750. 175 519 71 71 -135636.
3 1500. ?s 533 73 73 -Th6366.
4 2250. 375 $3175 -356%60.

TOTALS' 50 t293k 308 -Y67760.

150 UXK 5N'3CASE-SUb KRIt OSIffE LAS INSPECTIOS
IHSPECT10u1 TIMlj SPECIFIEV WITH COPISrAtT SAPEfl FAC-.OJ.. SF-2.Q0.

XNM:NPQHiAX.xNPI,SAS5,A1,5ETfX5FF,7p3Rr 5 751. 1326b. 1.000 4.00 1.00 1. 3

SUSPFLEET T1111: NtrSER OF ?lJWIER CF RMNER OF HItJtEP oý mr-C DOLLAR GAIN
I0 v INtrRUMttcr ENSINIES INSECY10gn4 RtPLAUfflN1i tAIt~iit PEkc iGINE

1 0. 37 5 2 .14 533 1 Z7778.
2 760. 375 2250 *;s * 126M.

I 500I. 37.5 .1250 54 0 33455.
4 21250. 375 2249 -326 0 3325f..

TOTALS: sol 0819%l toei s 26825.

1500 DISK SnOV ChSZ-5O0 l<MZ OCJVS1E LAS INSPECTIONAIi ~ INSPECTION YIlE SPtCIFIED WITH CV*15TAHT SAFETY FAVOR. 5F2241i.

XlMIH,)1MAXXNPISASS.ALSET,XEFF.IPAm 750. 75). 15260. 1.000 4.00 1.00 1. 3

UUBFLEET TIMl MIMER OF HWIBEW OF MIMRIE OF WNUMBER OP RFC DOLLAR GAIN
Ku I NTRODUCEU IENGINES IHSPECTIahS REPLACENENTS, TAILURLS PER MINFtE

0. 375 2249 631 1 25018.
2 ?50. 375 IPso &78 2 2150.
3 1500. 31S Ms4 594 0 3186%.
4 Z250. 375S 2250 408 1 20301.

TOTALS' 1500 0998 t.411 26399.



E-13

1500 DISK STHO CASE-5O0 KHZ OUTSIDE LAB INSPECTION
INSPECTION T1ME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=3.30.

XthIIN.XNttAX.XNPISASS.AL,BET,XEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF HNtBER OF NUMBER OF NUMBER OF RfC COLLAR GAIN
1D S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EHGINE

1 0. 375 2249 688 1 24678.
2 750. 375 2250 624 2 20661.
3 1500. 375 2249 629 0 31196.
4 2250. 375 2250 615 1 26162.

TOTALS: 1500 8990 t556 4 25674.

E-14

1500 DISK S71t CASE-500 KHZ OUTSIDE LAB INSPECTION
INSPECTION TItlE SPECIFIED WITH CONSTAHT SAFETY FACTOR. SF=.00.

xRIIN,XPIAXXtiPI,SASS 1AL,BE1,XEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 I. 3

SLUFLEET TIME NMBAER OF NUMBER OF UMtBER OF MAIDBER OF RFC DOLLAR GAIN
in INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

u . 175, 9249 -24 1 2395&.
2 750. 375 2249 654 1 25357.
3 1500. 375 2250 686 0 30075.
4 250. 375 2250 668 0 30435.

TOTALS? 1500 6998 2737 2 27457.

E-1S1

1500 DISK STNO CASE-S00 KHZ OUTSIDE LAB INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SPu5.00.

XWIN,XIIAXPXfPIPSASSALBETP>EFF1IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

S!XFLEET TIME HISSER OF NUMBER OF MIlDER OF NIUMER OF RFC DOLLAR GAIN

I0 INTRODUCED ENGINE; INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

11 0. 375 2249 766 0 28456.
2 750. 375 2249 759 1 t3257.

3 1500. 375 2250 727 0 29255.
4 2250. 375 Z250 755 0 26696.

"TOTALS' 1500 8998 3087 1 27416.

"IE"
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E-16

1500 DISK STNO CASE-500 KHZ OUTSIDE LAB INSPECTION
INSPETIOtl TItlE sPECIFIED WITH CONSTANT SAFETY FACTOR. SFP6.00.

YktIIN,Xt#IAX.XNPISASSAL,BETXEFFoIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SU.FLEET TINE NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLL? GAIN

ID v INTROOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 37! 2248 795 0 27857.

S750. 375 2250 792 1 22617.

3 1500. 375 2250 785 0 28096.

4 IZ50. 375 Z250 789 0 28016.

TOTALS: !S0O 8998 3161 1 26646.

E-17
1500 DISK SThO CASE- 1 114Z OUTSIDE LAB INSPECTION

VISP¶CTIOPI TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 31=2.00.

XHrINv,XNMAXXNPI•SASSALBETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 I. 3

SLPFLEFT TIME F"RBER OF NUMBER OF NUMBER Of HLRNER OF RFC DOLLAR GAIN

ID U INTROJUCW ENZINES INSPECTIO REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 667 I 25099.
2 750. 375 2249 660 0 30576.
3 1500. 375 .2250 666 0 30076.

4 2250. 375 2250 653 1 25403.

TOTALS, 1500 8998 2666 E t7788.

1500 DISK STHO CASE- I MIZ OUTSIDE LAB INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF'2.6V.

XHMIH,)XNHA•XPItSA$5,AL*IBETPXEFF.IPR= 7S0. 7S0. 15260. 1.000 4.00 1.00 1. 3

"FSUIPLEET TItlE NUMBER OF NUiMER OF MJIB"ER OF .NIttER OF RFC DOLLAR GAIN

3D 1 INTRODUCED ENGINES INSPECTIONS REPLACEMEHTS FAILURES PER ENGINE

1 0. 375 t246 788 a 27997.
2 750. 375 250 782 0 2156.
3 1500. 375 2250 701 0 27976.
4 2250. 375 2250 782 0 28156.

TOTALS' 1500 699" 3143 0 28071.

E-7



E-19

1500 DISK STIO CASE- I MHZ OUTSIDE LAB INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F=3.30.

XNt1INXNMAX,XNPISASS,AL,BET,XEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 I. 3

SUBFLEET TIME HNUIMBR OF NUMBER OF IUIIBER OF NUMBER OF RFC DOLLAR GAIN

ID INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2248 843 0 26897.

2 750. 375 2250 831 0 97176.
3 7500. 375 2250 825 0 27296.
4 2150. 375 2250 812 0 27556.

* I E-20

1500 DISK SiNG CASE- 1 MHz OUTSIDE LAB INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

XNMIHN,XNMAX,XNPIPSASSALBETXEFFPIPR= 750. 750. 15-60. 1.000 4.00 1.00 1. 3

SUBFLEET TIME MJMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN

ED nnr rErnrIatZ nrEt I.r1 IAt.11ZPT UE REPLAEMEN . "Al......

0 0. 375 ?249 909 0 Z5597.

2 750. 375 2250 880 0 26196.

3 1500. 375 2250 893 0 25936.

4 2250. 375 2249 865 0 26476.

TOTALS: 1500 8998 3547 0 26051.

Ii ~E-tl

1500 DISK STHO CASE- 1 MHZ OUTSIUE LAB INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF25.00.

XNMIN,HXMAX,XNPISASSALBETXEFFIPR= 750. 750. 15280. 1.000 4.00 1.00 1. 3

SUBFLEFT TIME NUMBER OF NUJBER OF HUMBER OF NUMBER OF RFC DOLLAR GASH

10 v INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENIINE

1 0. 375 2249 97! 0 24337.
2 750. 375 2250 426 0 25276.

3 1500. 375 2250 939 0 25016.

S2250. 375 2249 916 0 25456.

TOTALS: 1500 8998 3753 0 25021.

E-8
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E-22

1500 DISK STPN CASE- I tMZ OUTSIDE LAS INSPECTION
INSPECTION TI•,E SPECIFIED WITH CONSTANT SAFETY FACTOR. SF46.00.

XPMWIN,XhItAX,X?1PI,SASS,ALBETXE:FIPRE 750. 750. 15s60. 1.000 4.00 1.00 1. 3

SURFLEET TrME NUMBIER OF NUMfBER OF NUMtBEP OF NUMBER OF RFC DOLLAR GAIN
Ic I INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILUR•ES PER ENGINE

1 0. 375 2249 1005 0 23677.
IZ 750. 375 2250 960 0 24596.
3 1500. 375 2250 955 0 24696.
4 2250. 375 2249 975 0 24277.

TOTALS• 1500 8998 3895 0 24311.

E-23

1500 DISK STHO CASE-HYPOTHETICAL ItSISECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFu1.00.

)XGEII.X321AXXNPI,SASS.ALBETtXEFFZPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SI SUEFLEET TIMF N&rUMBR Or nrtuk a, (it LUEk OF HiER OF RFC .DOLLAR GAI;N
ID U INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 176 5 13587.
2 750. 375 *2250 171 S 13•.6
3 1500. 37S 22s0 149 2 30159,
4 2-'50. 375 2250 149 7 3507.

TOTALS: 1500 8999 645 19 15245.

1500 DISK STIC CASE-HYPOTHETICAL INSPECTION

INSPECTION TItlE SPECIFIED 1WITH CONSTANT SAFETY FACTOR. SF.1.50.

XF1INo,XNtlAXXNPI,SASSAL,DETXEFFIPR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SURFLEET TIME NRUBER OF HUMBER OF NlAMER OF FlttER OF RFC DOLLAR GAIN
ID U INTRODUCED ENGINES INSPECTIONS REPLACrPENTS FAILURES PER EINE

1 0. 375 2249 244 3 Me.88.
2 750. 375 2250 236 1 33759.
3 1500. 375 22s5 210 t Z8936.
4 2250. 375 20SO 219 4 18093.

TOTALS' 1500 8999 909 I 25917.

K-.



E-a6

1500 DISK STIN CASE-HYPOTHETICAL INSPECTION
INSPECTION TItlE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.O0.

X)MINXfrIAXXNPI,SASSALpBETXEFFIPRU 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUOFLEET TIME NUMBER OF HUMBER OF HUMER OF NUMER OF RFC DOLLAR GAIN

10 8 INTROOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 310 2 26900.

2 750. 375 2250 310 1 32279.

3 1300. 375 1^50 283 2 27468.

4 2250. 375 2249 283 2 27450.

TOTALSt 150t 8998 1186 7 28524.

1500 DISK STHD CASE-HYPOTHETICAL INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF:2.60.

)IH,Xl AX,XtWI,SASS,AL,BETXEFFuI= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUOFLEET TIME NUMBER OF HUMBER OF NUMBER OF NUlBER OF RFC DOLLAR GAIN

Sa ITRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2248 *15 1 30129.
& 75. 3775 2250 428 1 2992011 ZS0 I7 •

3 1500. 375 2250 408 0 35635.

4 2250. 375 2250 427 0 35255.

TOTALS: 1500 6998 1678 2 32732.

E-27

1500 DISK STYO CASE-HYPOTHETICAL INSPECTION
INSPECTION T1HE SPECIFIED WITH C44STANT SAFETY FACIO. SF:3.30.

XHNINpXNBAX,XwrISASSALBET,XEFFIPR3 750. 750. 1526Cý 1.000 4.40 1.00 I. 3

SUSFLEET TIME NUIBER OF NUNBER OF HULMER OF OUttBER OF RFC DOLLAR GAIN
ID 1 INTROOUCEO ENGYNES INSPECTION"S REPLACEMENTS FAILURES PtR ENGINE

1 0. 375 2249 504 1 28358.

2 750. 375 2250 490 0 33993.

3 1500. 375 2250 450 0 34795.
4 2^50. 375 2249 481 1 26823.

YOTALS' 1500 8998 1925 2 31493.

E-1O



E-28

1500 DISK STNO CASE-IIYPOTHETICAL INSPECTION
INSrECIION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF-4.00.

XtIIIN.XNMAXXNPI,SASS,AL,BETXEFF,IIR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUSFLEET TIME NUtfBER OF NUiBER OF NUMtER OF V!UMBER OF RFC DOLLAR GAIN
ID a INRODUCED ENGINES INSPECTION! REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 617 0 31436.
S750. 375 2250 535 0 33098.
3 1500. 375 2249 560 0 32576.
4 2250. 375 2250 560 1 27262.

TOTALSt 1500 8998 21272 31092.

E-29

1500 DISK'STND CASE-HYPOTHETICAL INSPECTION
INSPECTION TIrE SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F=5.00.

XNIIN,XNIAX,XNPISASSAL,BETXEFFtIPR 750. 750. 15260. 1.000 4.00 1.00 I. 3

SUEFLEET TIME NtSER OF NlUMER OF NUIIBSP OF NUMBER OF RFC DOLLAR GAIN
ID # INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 680 0 30176.
2 750. 375 Z249 6s1 0 30556.
3 1500. 375 2:50 696 0 29876.
4 250. 375 2250 633 0 31135.

TOTALS, 1500 a998 2670 a 30436.

E-30

1503CDK S'Prj ASi-HTPTMETICAL INSPECTION
INSPECTZON TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. VFu6C0.

XNtIN,XMIAX,XNPI,SASS,AL,BETXEFF,IPR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SLEFLEET TIME NUMB1ER OF NUMIBER OF tALR OF NUMBER OF RFC DOLLAR GAIN
I0 1 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 t248 738 0 26597.
2 750. 375 2250 748 0 28836.
3 1500. 375 22SO 7V5 0 t8636.
4 2250. 375 2250 755 0 26696.

TOTALS. 1500 8998 3019 21691.

E-11



E-31

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF82.00.

Xt•tIHXNtAX,XNPI.SASS,AL,BET,XEFFIPR= 750. 75000. 1526. 1.000 4.00 1.00 I. 3

SUSFLEET TIME NU"tER Or NULMER OF NUMBIER OF NUMBER OF RFC DOLLAR GAIN
ID I INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 943 479 5 8233.
2 750. 375 875 423 4 14759.
3 1500. 375 861 373 4 15778.
4 2250. 375 916 450 4 14163.

TOTALS' 1500 3595 1725 17 13233.

E-32

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFa2.0.

XIWIN,XNtiAX,XNPISASSAL,BETXtFFXPR= 750. 75000. 15260. 1.000 4.00 1.00 1. 3

SUMFLEET TIME NUMBER OF NtRl OF tARIER OF NUMBSER O RFC DOLLAR GAIN

10 3 INTROO,)CEO ENGINES INSPECTIONS REPLACEMENTS l!AXLURES PER ENGINE

1 0. 375 937 494 5 7936.

t 750. 375 e73 432 4 14S80.
3 1500. 375 866 396 4 IS296.
4 2950. 375 909 455 3 19413.

TOTALS: 1500 3585 1777 16 14306.

fE-a

1500 DISK SKIP CASE-HI RES PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FAICTO 5322!.10.

X1ININtX,)AX,XNPISASSALBETXEVfIPR: 750. 75000. 15260. 1.000 4.00 1.00 I. 3

SIJSFLEET TIME K*MER OF NLMfER OF NIRtSER OF' NUBER OF RFC DOLLAR GAIN
ID V INTRODUCEO ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 900 490 5 7876.
2 750. 375 85z 448 5 8957.
3 1500. 375 908 484 3 13348.
4 2250. 375 672 455 t 24772.

TOTALS' 1500 3532 1883 15 15113.

E-12
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E-34

1500 DISK SKIP CASE-HI RES PROBE INSPECTIOH
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=3.30.

SXtIINXNtAXXtNPISASS,ALBET,XEFFf,IfR 730. 75000. 15260. 1.000 4.00 1.00 I. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OT NUIBER OF RFC DOLLAR GAIN
10 8 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0. 37S 1034 549 4 12117.

S750. 375 1003 505 2 23700.
3 1500. 375 1062 556 0 33310.
4 250. 375 1037 527 0 33903.

TOTALS' 1500 4136 2137 6 25757.

E-35

1500 DISK SKIP CASE-H! RES PROBE INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. Ff4.CO.

X1EIN,XNNAX,XNPI.SASSALBETXEFFIPR-- 750. 73000. 15260. 1.00Vt 4.00 1.00 1. 3

SUBFLEET TIME NVtBER OF NUMBER OF NUMBER OF MJMBEr' OF RFC DOLLAR BAIN
I 1 IN TROO(rlED ENGHIS INSPECTIONS REPLACENE1.NTt. FAILU?3 PER Et4•CNE

1 0. 375 12E9 650 1 25983.
2 750. 375 1214 599 1 27034.
3 1500. 375 1250 65Z 0 31290.
4 9250. 375 tsi97 590 0 3205a.

TOTALS 1500 22090 Z491 . 19216.

E-fl

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR•. SF35.00.

XNiINtOIAXiXNP3,JASSALEETXEFF,.IPRu 750. 75000. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TINE MUMBER OF NUMBER OF DUMBER OF NUMBER OF RFC OULLAR GAIN
ID I INTRODUCED ENGINES INSPECTIONS REI'LACENENTS FAILURES PER H•INC

1 0. 375 1455 *00 0 25186.
2 750. 375 1427 770 0 I8B35.
3 1500. 373 1421 781 0 t6614.
4 *2S0. 375 1430 789 0 E8454.

TOTALSs 1500 5741 3140 0 28521.

E-13



E-4Tr

1500 DISK 5r*,p CASE-HI RES PROBE INSPECTIONl
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=O.0003.

X1*IlNXNHAXXNPZ,SASS,ALBETXEFFIPR- 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLCET TINE NUMBER OF NUMBER OF FUNBER OF NlAMER OF RFC DOLLAR GAIN
I0 1 INTRODUCED IN61HES INSPECTIONS REPLACSMENTS FAILURES PER ENGINE

3 0. 375 2249 1196 0 19857.
750. 375 2250 1196 0 19877.

3 1500. 375 2249 1181 0 Z0157.
4 2250. 375 2249 1179 0 20197.

TOTALS' 1500 6997 4752 0 20022.

E--=

1500 DISK lr&ro CA$E-HI RES PROUk INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY-zO.0010.

XNtlZPJ.XNMAXxtiPISA$,ALOETPXEFFP~ER: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUDFLEET TIMEF HlJBER OF IU&MER Or NUMBfER OF ht"tER OF RFC DOLLAR GAIN
10 0I TlIRO9)UCED ENGINES INSPECTIONS REPLACEMlENTS FAILURES PER ENGINE

0-. 375 , Z49 1194 0 19497
2 750. 375 2250 1195 0 19897.
3 t1500. 375 .2249 11S2 0 20137.
4 2250. 375 2249 1177 0 ;0237.

TOTA, 1500 8997 4748 0 20042.

2-39

1500 DISK .r"t, CASE-HI RES PROBE INSPECTTN.
1ZrEIC'iOT TIfE iPtCxfiwE WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBAILITY:O.0020.

X1MIIN,XtCIAX.XNPI.SAS$,ALBETXEFFIPRZ 750. 750. 15I60. 1.000 4.00 1.00 1. 3

SUSPLEET TIME NIJElE OF NIUMER CF NIMBER or NUMBER OF RFC DOLLAR PAIN

1c0 INTROOUCED ENGINES INSPECTIONS REPLACEII!NTS FAILURES PER EN1,GINE

I 0. 375 2j!49 1194 0 19897.

t 750. 375 2250 1'.95 0 19897.
3 1500, 375 2249 1182 0 20137.
4 2250. 375 2249 1177 0 20237.

TOTALSI 1500 8997 4748 0 2004t.

E- 14
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E--40

1500 PisV 57fT CASE-HI RES PROBE INSPECTION
INSPECJION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PPROMSLITYR0.0fl5O.

t Nt#I AYIH a , XNPI,SASSAL,BETXtrF,•IPR= 750. 750. 15260. 1.000 4.60 1.00 1. 3

SMFFLEFT TIME NUMER OF NURBER OF NUMSR OF HMBIER OF PFC DOLLAR GAIN
ID 1 IHTRODUCED ENGINES I4SPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1172 0 20337.
2 750. 375 2250 1186 0 20077.
3 1500. 375 2249 1154 0 20697.
4 2250. 375 2249 117S 0 20637.

TOTALSt 1500 8997 4669 0 20437.

E-41

1500 DISK $7NO CASE-HI RES PROBE INSPECTION
INSPECTIO1i TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROSABILITY20.0100.

XIMIH,XNKAX,XHPISASS 1 ALBET,XEVPpIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUM.FLEET 17W' NUMBER OF HUMBER OF POER OF PJRER OF RFC DOLLAR BAIN

Io INTRODUCED EMIHES IN4SPECTIONS RtPLAV-XEmEKI5 FAILL.¶ES P2 EHIN

S0 . 375 2249 113S 0 21077.

2 750. 375 2250 1144 0 M0917.

3 1500. 375 2249 Ia10 0 31577.

4 2250, 375 2249 1097 0 ti837.

"TOTALS' 1500 8997 4484 0 21352.

IE-42

1500 DISK Sr'fo CASE-HIH RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOLARLE FAILURE PROBASILZTYUO.0200.

AI4INXl,1AX,)XQPl,5AS5,ALSETXEFFPIFR8 750, 750. 15260. 1.000 4.00 1.00 1. 3

SUCFLEET TIME HUMBER OF HLISER OF NURER Of HUMER OF RFC DOLLAR GAIN
0 It ZNTOOIUCEO ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EZHINt

1 0. 375 2249 1072 0 22337.
2 750. 375 2250 1012 0 23557.
3 1500. 375 20so t33 0 25136.
4 22SO. 37S 2246 893 0 t5898.

TOTALSt 1500 8997 3910 0 2M83?.

i E- 16



E-43

1500 DISK ITND CASE-NI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH 5*70r5T1CA. UPDATE. MAY ALLOWABLE FAILURE PRO1ABlLITY'DV500..

XNUINt,XWIAX,XNPI 1jSASS,AL,DtT,XEFF,IPA:m 750. 750. 15Z60. 1.000 4.00 1.0t 1, 3

SUPF LtLET 11116f NUMtBER OF HUtws Or NUt#¶2ER foF WJMOER OF FTC DOLLAR GAVIN
ID 0 IN4TROOiUCEO ENGINES INSPECVIONS REPLACL'ENT5 FAILURES PER CN'JWE~

1 0. 375 P.249 821. 0 V7297.
2 750., 375 21,50 750 0 28796.
3 2500. 3715 2250 556 1 Vv343,
4 e.LtS0. 375 V249 466 2 931516.

TOTALS: 1500 639C8 2596 3 26819.

500 v CAS5E-HI PES PR07iE INiSPECTION
YV:5PECTION TIMlE SEVDWIHSTATISTICAL UPKtIYE. MkN A.LLtMAStE FA1LU~lE PRO'eABILTYmo. 1000.

IX1MIH,X.HlAX,X(NPIvSASS, AL,1~EY,XEFF cIPRz 7!0. 750. 1526Z. 1.006 4.00 1.00 1. 3

SUBFLEET TIM 4JLMBS A.F NUMBER OF WT5E~R OF HU'ISR OF RFZ DOLLAR GAIN
la * ZmPODUC:ED ENGfl;ES X14SPECTI(Rfl REPJ.C.CMENi$ FfPLLUFES PER ENGINE

I0. 3) 2Z49; 669 0 33"
- 750. 375 2250 543 6 96(9.
3 1500. 375 .2250 4,4 0 35316.

4 2250. 375 2VV) 3ýýa 6 5016.

TOTALS' 1i00o 89I98 1974 12 17924.

ItNr'LCTIWl IMtE SPLCIrIED 111TH SlA11flTI!AL U120ATE. UAX ALL0ff4ABLE FAILURE PROSABILli Tura.000O.

xI~tlxtiAXxHI~ASSALaTXEF,1A' 710. 75000. 1526O. 1.000 4.00 1.00 1. 3

SLV LEET Ti~t Nl or 16*156w U'; NU"V.II or NUMBER Of RFC DOLLAR GAIN
3D 0 INAIOOUCL0 ENG1tk.3 13Pclf R'AiENSFAILURES POR ENOGINI

1 .5T 3n ¶9 19859.
2 7sf.. 3?S zaeýC 0-i 19877.

3 1%00. 3ý75 2Z9 lie! 0 2015?.
2250. 17 L 104, 0 20200.

T01 A Lb 164 91i' '732 020



E-46

1500 DISK !KIP CASE-MI RES PRODE IN3PECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBASXLITY:O.0603.

XNtIINXIOAXXNPZLSASSALOETXEFF,IPR: 750. 75000. 15260. 1.000 4.00 1.00 1 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF IUMBER OF RFC nOLLAR GAIN

iD # INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1196 0 19859.
2 750. 375 2250 1196 0 19877.
3 1500. 375 2249 1181 0 20157.
4 22-O. 375 2249 1179 0 20100.

TOTALS: 1500 0997 4752 0 20023.

E-47

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY0.O2I0.

Xt#tIIN,XNIAX.XNPISASS5ALtBETXEFF.IPR: 750. 75000. 15260. 1.000 4.00 1.00 1. 3

"SUFLEET Txmte NmUEN OF Ni*kEE OF~ ;U#AtLR or rjieER Orl PCP flflhlR CAIN
ID INHTRUAJCEQ ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 1789 1066 0 22704.
2 750. 375 1784 1038 0 23285.
3 1500. 375 "1771 1002 0 24012.
4 2250. 375 1773 1032 0 23394.

TOTALS% 1500 i117 4138 0 23349.

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLO04ABLE FAILURE PROBMILITYnO.0020.

XtIMINXJOAXXPZSA53,AL,BETXEFFIPRr 750. 75000. 15260. 1.000 4.00 1.00 1. 1

SUSFLEET TIME 1AP1ER OF NUMBER OF NU MR OF 1433CR Of RVC DOLLAR "AIN
To 0 INTRODUCED ENGINES IHSPECTIOHS REPLACEMIENtS FAILURIS PER EWJINI

I 0. 375 1512 9V7 0 21615.
t 750. 375 1514 935 0 uSA89.
3 1100. 375 1490 678 0 26642.
4 9250. 375 1519 931 0 15566.

TOIALS' 1500 6035 3671 0 25GM.

E-17
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1500 DISK SKIP CASE-NI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=O.0050.

XILIIXN•IAXXtPIPZSASSALPBETXEFFIPR: 750. 75000. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
IS INTRODUCED ENGINES INSPECTIONS REPLACEMENIS FAILURES PER ENGIUE

1 0. 375 1240 783 0 28657.
2 750. 375 1240 771 1 23583.
3 1500. 375 1236 748 0 29377.4 2S50. 375 1220 753 0 29282.

TOTALS: 1500 4944 3055 1 27725.

I1500 DISK SKIP CASE-HI RES PROBE INSPECTZON
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE POBABIL7TYu0.0100.

XNhIN,XN1*AX,XNPISASS,AL,BETXEFF,IPR= 750. 75000. 15260. 1.000 4.00 1.00 1. 3

SUSFLEET TIME t&",1ER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID S INTROIOCED ENGINES IK'SPLCTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 1016 626 4 10588.
2 750. 375 1101 705 I 24f97.
3 1500. 37i 1260 780 0 28724.

A 2250. 375 1224 762 0 29104.

TOTALS' 1500 4601 2873 5 2334a.

E-1I
1500 DISK SKIP CASE-HI RES PROBE INSPECTION

I'0ECrION TIME SPECIFIED WI1H STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROAILITYaO.0t00.

,..#,1t4,X1fl#,XPIa SASSALBETXEFFIPR= 7S0. 75000. 15260. 1.000 4.90 1.00 1. 3

SWLEET TIME JIMBER OF NUMBER OF BUIIBER OF FtER OF RFC DOLLAR GAIN

I c F a INTIODUCUD ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENINEr

7 3. 375 865 498 5 7894.
2 750. 375 1019 625 2 el1e9t.

3 1500. 375 1032 430 0 31846.
4 2250. 375 1Q08 609 0 32279.

TOTALS' 1500 3927 2362 7 23328.

E-18
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I A I. .1E-52

1500 DISK ST1O CASE-HZ RES PROC INS?. (AHATr.125)
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFt2.00.

X)031IHXN0AXfXPI,SASS.AL,•ETXEFF.IPR= 750. 7&0. 15260. 1.000 4.00 1.00 1. 3

SUB? LIT TIME NUMIBER Of NUIBER OF MP'I8ER OF NUM8ER OF RFC DO)LL.IR GAIN
0D 0 INTROODUCEO ENGIHZS INSPECTIONS REPLACEMWTS FAILURES PER ERTIN!

I 0. 375 2249 694 0 e9897.
2 750. 375 2249 679 0 30197.
3 1500. 375 e250 686 0 10076.
4 2250. 375 2250 680 1 24863.

j TOTALS' 1500 8998 2739 1 24750.

1500 1115DIK T CASE-HI RES PRODE INSP. (AHAT=:.I5)
INSPECTION TIME SPECIFIED WITHt CO(ISTANT SAFETY FACIR. SF•4.00.

X1i*IN,lAXNX,XNPISASSALBET.XEFC-,IPRu 750. 750. 15260. 1.000 4.00 1.00 I. 3

=1-. L T TIME, ,-I 01 1=P0. -. ,M'L= AI

ID 0 INTRO'UCED ENGINES INSPECTIONS REPLACEMENT5 FAILURES PER ENINHE

0 O. 375 2249 957 0 24637.
2 750. 375 2250 952 0 24756.
3 15MO. 375 -2250 9?7 0 25256.
A 2250. 375 2249 945 0 24877.

TOTALS: 1500 8996 3781 0 24882.

ISO DISK STHO CASE-HI RE.S F•R•F INSP. IAHATw.I1S)
INSPECTION TIME SPECIF6iU) NUTH CCTANTT SAFETY FACTOR. SF76.0O.

XIIILfEIWPAXWIPISSSA',PBETPXEFFIPI 750. flU. 15260. 1.000 4.00 1.00 I. 3

SZUFLEET TIME lPS[ER OF )•95?9LIP OF NUMBER OF UIlSER OF RFC DOLLAR SAN
IO 0 INTROOUCEO ENGINES INSVECTIONI1 REPLACEMENTS FAILURES PER 115161E

1 0. 375 LE49 I0V' 0 M2277.
9 750. 375 82.25 10Q3 0 tM137.
3 1500. 371 zeSo 1043 0 22936.

& 2250. 375 2•24 1110 0 21398.

TOTALSs 150c 6997 4319 0 22187.

E- 1
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1500 DISK STNO CASE-HI RES PROSE INSP. (ANATz.500)
IKSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF4.00.

XNflIN,X)W1AX×XNPISASSALBETPXEFF,IPRz 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUbFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
IN INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 680 0 30177.
2 750. 375 2249 660 0 30577.

3 1500. 375 2250 677 1 79
4 2250. 375 2250 651 1 25443.

TOTALS: 1500 899a 2668 a27764.

E-"

1500 DISK 3TN? CASE-H! RES PROBE INSP. (AJATZ.500)
INSPECTION TIME SPECIFIED WIrh CONSTANT SA'ETY FACTOR. SFc4.00.

XtMIIN,XHNAX,XNPItSASS,AL,BETXEFF,IPRU 750. 730. 15260. 1.000 4.06 1.00 I. 3

SAFLFET TIME HUMBER OF AC.ER OF HUMBER OF HUMBER OF RFC DOLLAR GAIN
ID Z# INTROQUCEC ENGINES INSPECTIONS, REPLACEMENTS FAILURES PER tmqit

1 0. 375 2249 957 0 24637.
2 750. 375 2250 952 0 24756.
3 1500. 375 -2250 927 0 2256.
4 2250. 375 2249 945 0 24877.

TOTALS, 1500 8998 3781 0 24882.

1500 DISK STHD CASE-HI RES PROSE INSP. 1AHATN.500)
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF26.00.

X)1IHN,*31AX,)XOPISASSAL,BET.XEFF,IPR% 750. 750. 15260. 1.000 4.00 1.00 I. 3

flBFLEET TIME N"tER Of NUM•ER UF NUMBER OF WUISER OF RFC DOLLAR GAIN
ID 1 INTRODUCED ENGINES INSPECTIONS REPLACEhENITS FAILURES PER ENGINE

1 0. 375 Z49 1075 0 22277.
2 750. 375 2250 1083 0 221?.
3 1500. 375 2250 1043 0 22936.
4 XZS5. 375 2248 1118 0 21398.

TOTALS' 1500 0997 4319 0 22187.

SE-20
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1500 DISK STHC CASE-HI RES PROBE INSP. (AHAT=HUGE)
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF32,00.

Xt*IIN,XMIAX,)IIPISASS,ALBETXEFF,9IPA 750. 750. 15260. 1.000 4.00 1.00 1. 3

SLMFLEET TIPNC N•BSER OK htl1IER OF UMBER OF HNUBER OF RFC DOLLAR GAIN
I1 S INTRODUCED ENGINES INSPECTIONS REPt.ACHENETS FAILURES PER ENGINE

1 0. 375 2249 600 0 30177.
2 750. 375 2249 660 0 30577.
3 ifI 1500. 2250 677 1 t4941.4 2250. 375 2250 651 1 R5443.

TOTALS, 1500 8998 2665 2 17764.

E-59
IL

1500 DISK STt*O CASE-HI RES PROBE INSP. (AHAT'.%JGE)
INSPECTIO14 TIME SPECIFIED WITH CONSTAHT SAFETY FACTOR SF=4.00.

X1HII'NtAX 1XNPISASS,AL.BET,XEFF,IPRa 7.0. 750. 1S240. 1.000 4.00 1.00 I. 3

I SUBFLEET TIME UMABER OF NtUMER OF NUMIBER OF NUMBER OF RFC DOLLAR GAIN
ID x I4TROOUCED ENGINES INSPECTIONS REPlACEMENTS FAILURIf Put £tmH!E

1 3. 375 P29 957 0 24637.
9 750. 375 2950 952 0 24756.

3 1500. 1s50 927 0 25256.
4 2250. 375 2249 945 0 4877.

TOTALS' 1500 8998 3781 0 248t.

E-fl

1500 DISK STHO CASE-HI RES PROSE INSP. (IAATsHUGE)
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF26.00.

X/•H,)IIAXN ,XNPISAS•,AL,SBETXEFF,IPRz 750O. 7.50. ISM6. 1-000 4.00 1.00 1. 3

SUBFLEET TIME NIZ1BER OF NIIBER OF NUIBER OF NUrMSER OF RFC DOLLAR GAIN
ID a INTRODUCED ENGINES INSPECTIONS REPLACEMENT$ FAILURES PER ENGZ1tC

1 0. 375 L249 107S 0 a277.
2 750. 375 250 1903 0 Z137.
3 1500. 375 2250 1043 0 £t936.
4 2250. 375 2248 1110 0 £1398.

TOTALS' s5O0 8997 4319 0 22187.

E-21



1500 5-HOLE DISK 51WD CASE-HI RES PROBlE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF92.00.

XNt1INXtIAXtXNPIvSASSmALBET, XEFF,9!PflX 750. 750. 15260. 1.000 *.0O 1.00 1. 3

SUBFLEET TIME HUMBSER OF NUMBER OF MNCER OF NUUSER OF RFC: DOLLAR GAIN
ID S INTRDOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I 0 375 2250 391 1 30654.
7-50. 375 2250 363 4 15232.

5 1500. 375 2250 400 3 i9771.
4 2250. 375 2250 350 1 30861.

TOTALS, 1500 9000 1534 9 24129.

1500 5-HOLE DISK STND CASE-H! RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F:4.QQ.

)OdlIN,XWIAXXNPISASSALBETXEFF.IPR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUOFLEET TIME NUMBER OF NUirSER OF NUMBERP OF NUMBER OF RFC DOLLAR SAUN
-- . R 0.D..nUr C.th.r1.Laewma VNGrns *rr-ACMCrTtS CAAYIrEnet PER tm-!U

10. 375 2250 583 0 32135.
2 750. 375 2250 590 0 31995.
3 1500. 375 t22s0 584 4 10762.
4 2250. 375 2250 601 2 21103.

TOTALS: 1500 9000 2358 6 24004.

E-63

1500 5-HOLE DISK STNO CASE-NI RES PROBE INSPECTIONa
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFc6.00.

XtNiIHNKSAXXHPISASS,ALBETXEFFIPRz 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME FNUMBER OF NUMRBER OF NUMBER OF PARSER OF RFC DOLLAR RAIN
ID C INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2250 743 0 24935.
2 750. 37S 2250 694 0 29915.
3 1500. 375 2250 685 3 l4077.
4 2250. 375 2250 607 1 0*79t.

TOTALS' 1500 9000 1609 4 94412.
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1500 S-HOLE DISK STHO CASE-HZ RES PROBE INS3PECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F:f,00.

XI1NIAXHmx.XNPISASSALBETXEFF*IPRI 750. 750. 15260. 1.000 4.00 1.00 I. 3

SUBFLEET TIME NUMBER OF NIUtER OF 1UIUER OF NUMBER OF RFC DOLLAR GAIN

Io U IHTRMDUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I 0. 375 2250 795 0 27896.

2 750. 375 1250 748 1 23497.

3 IS00- 375 2250 786 1 22741.

4 2250, 375 2250 762 I 23222.

TOTALS: 1500 9000 3091 3 24339.

E-4S

1500 2-HOLE DISK STND CASE-HI RES PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFZ2.00.

XOIIHXYI1AX,XNPI,SASS,ALpRETtXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME HNtmr& UF r ifw.Ef OF irKRnmt OFr riuncx uOF wri. UULLS GAIN

0D 1 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PKR ENGINE

1 0. 375 2150 176 3 24307.
2 7S0. 375 2250 156 3 24671.

3 1500. 375 2249 162 7 3158.

4 2250. 375 2250 188 4 18673.

TOTALS: 1500 8999 682 17 17702.

E-OO.,

1500 2-HOLE DISK STIO)CASE-HI RES PR0OE INSPECTION
INSPECTION TIME SPECIFIED WITh CONSTANT SAFETY FACTOR. 5F=4.00.

XP,11N,XWiAX,XNPI,SAS3,ALBETXEFF*IPRX 750. 750. 1526M. 1.000 4.00 1.00 1. 3

SUEFLEET TIME NUMIBER OF NUMBER OF MISBER OF MISSER OF RFC DOLLAR GAIN
ID U INTRODUCED ENGINES INSPECTIONS REPLACEMENTS rkMLURES PER ENGINE

I 0. 375 2259 164 • 2786R.

2 ?SO. 375 2250 261 2 t7898.
3 1500. 375 2t49 257 2 2796*.
4 2250. 375 2250 280 4 14872.

TOTALS' IS00 8999 1063 Ie 15149.
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E-ST

1500 2-HOLE DISK STNO CASL-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 5Fv6.00.

fltH,)GIXIAX,XNPISASS,ALBETXEFF.IPR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME HUMBER OF NUMBIER OF NUlMER OF lOMSER OF RFC DOLLAR GAIN
ID 1 ImIwOoUCEO ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

01 0. 375 2250 3Z9 z 2656t.
2 750. 375 2249 312 0 37534.
3 1500. 375 2250 332 0 37154.4 2250. 375 2250 353 3 20733.

TOTALS' 1500 0999 1326 5 30496.

1500 2-HNLE DISK STNO CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF:8.00.

X1#I,)O41AXIXNPISASSAL,5ET,XEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 I. 3

SLSFLEET TIMlE NIUER OF tANlEN OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID * jylanrnr1n flINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0- 375 2250 372 1 31017.
2 750. 375 2249 366 0 36454.
3 1500. 375 .2250 370 1 31047.
4 225C. 375 2250 377 2 25596.

TOTALS' 1500 8999 1405 * 31029.

E-6O

1500 I-HOLE DISK STID CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF't00.

XIN,)XNIAXXNPISA55,ALBETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUMFLEET TIME AStER OF HLAER OF lUMBER OF lOMBER OF RFC DOLLAR GAIN
IU INTROOUCED ENGINES INSPECTIOHW REPLACEMENTS FAILURE3 PER Etkv1t

1 0. 37s 2250 103 3 2 711.
2 750. 375 22s3 90 7 4419.
3 1500. 375 2250 105 7 4355.
4 2250. 375 2950 99 9 -6407.

TOTALS: 1500 9000 397 26 7119.

E-24j



E--70

1500 I-HOLE DISK SUC0 CASE-HI RES PROBE INSPFCTION
INSPECTION TIME SPECIFIEO WITH COtJSTAtNT SAFETY FACTOR. SF=4.00.

XNMIN,XNMAXXItPISASS,A',BET,XEFF,IPRt 750. 750. 15260. 1.000 4.00 1.00 1, 31

SL'sFLEET TIME F4UltER Or NUMER or tINiBER OF NUUER Or RFC DO.LAR GAIN
ID P INTRODLUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES FER ENGItiE

1 0. 375 so50 159 3 24615.
750. 375 2250 1:!8 6 9232.

3 1500. 375 2250 153 5 14066.

4 ,250. 37S 2250 154 7 336t.

TO fALS, I s0, 9000 594 zi 1 Z819.

E-'11

1500 I-HOLE DISK STiC CASE-Hi RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F=6.00.

XQIIN,XttAX,XNPISASSAL,BETXEFF,IPP= 750. 750. 1SZ60. 1.000 4.00 1.00 1. 3

SUBFLEET TIME HNtBER OF NUIDER OF ?NIBER 0I NUMBER OF RFC DOLLAR GAIN
IO1 INTROOJJCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I 0. 375 2^50 I85 2 v'.4u6.
2 750. 375 2250 169 2 29721.
3 1500. 375 2250 179 5 13548.
4 2250. 375 2250 161 9 -7850.

TOTALSI 1500 9000 714 18 16207.

E-72
ILM7hl nvtr Sflrl CASE-H• ! SF PROBE INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=9.00.

X)OIH,XNMAX,XNPISASS.AL,8ETXEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUFLEET TIME IRU•BER OF NUMBER OF NUMBER OF NUIMER OF PFC DOLLAR GAIN
IT It INTRODUCEO ENGINES INSPECTIONS REPLACEMENT'S FAILURES PER ENIGINE

I 0. 375 t2s2 226 1 33936.
t 750. 375 2250 213 3 23S08.
3 1S.,0. 375 2M50 199 3 23607.
4 2MO. 375 22s5 238 7 1688.

TOTALIS 500 9000 876 14 20734.

E-25
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E-73

1500 S-HOLE DISK STNO CASE-H! RES PROBE INSPECTION
ItISPECIION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROOAPILXTY0O.0010.

XNtINXIAXtXNPIPSASSPALBETtXEFFIPRM 750. 750. 15260. 1.000 4.00 1.00 I. 3

SUBFLEET TIME HWUIBR OF UtIDER OF NUMBER OF HUMBER OF RFC DOLLAR GAIN
IO a INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2250 878 0 26236.
2 750. 375 2250 852 1 21418.
3 1500. 375 2;50 850 I 2146t.
4 2,50. 375 2250 858 0 26635.

TOTALS' 1500 9000 3438 2 23938.

E--74

1500 5-HOkLE DISK STHO CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROUABILITY=0.0050.

XGIN,XNIAX,XNPI,SASStAL.BET,XEFF.IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUOFLEET TIME HWEEROER OF NUMBER OF WISERR OP IE OF RFC DOLLAR GAIN
ID S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0. 375 22so 850 0 26796.
2 750. 375 2250 030 1 Z1857.
3 i500. 375 C250 803 0 27736.
4 2250. 375 2250 779 1 282.

TOTALS' 1500 9000 3262 2 24818.

E-75

1500 5-HOLE DISK STDO VASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. flAX ALLOWABLE FAILURE PROBABILITY=0.0200.

)OUINXNIIAX.XNPI,SASS,AL,BET,XEFrIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUWFLEET TIME NUMBER OF NUMtBER OF NUMBER OF HUMBER OF PrC DOLLAR SAIN
iD S INTRODUCED ENGINES INSPECTIONS REPLACEHENTS FAILURES PER ENGINE

1 0. 375 2250 727 0 Etess.
2 750. 375 2250 643 0 30935.
3 1500. 375 2250 542 4 11600.
4 2250. 375 2250 4i2 4 13446.

TOTALS' 1500 9000 2364 8 21309.

E-26



E-76

1500 2-HOLE DISK STNO CASE-HZ RES PROBE ZNSPECTION4
INSPECTION TIME SPEC!FIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROOABILITY'0.0010.

XNHINXWtIAX.XNPISASS.AL,BET 9 XEFF.IZ•= 750. 750. 15260. t.000 4.00 1.00 1. 3

!UDFLE!T TIME NUMBER OF AU1ER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN

0D v INTRODUCED ENGINES INSPECYIONS REPLACEMENT$ FAILURES PER ENGINE

1 0. 375 225(i 455 1 29357.
2 750. 375 2249 442 0 34934.
3 1 500. 375 2250 453 0 34734.
4 2250. 375 2250 456 2 23976.

TOTALS: 1500 8999 1808 3 30750.

q

E-77
1500 2-dOtE DISK ITHO CASE-HI RES PROBE !NSPECTIOt'

INSPECTION TIME SPECIFIED ha;TH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBASILITY:0.0.50.

fIH,XNMAX,XNPISASSALBET,XEFFI":' 750. 750. 15260. 1.000 4.00 1.00 1. 3

* I S"FI FF7 TIME týMEPE Of ~~tt r W2 OF N*IER OF ffrc DLLLAR EAIN
r ID 6 TINT&OtbCE8 ktlGINE$ ItHLPLCTION REPLACEEHNTS FAILURES P'R ENINE

1 0. 375 2250 431 1 29837.

2 750. 375 2249 402 1 30407.
3 ^500. 375 2250 374 0 36314.
S2250. 375 22510 355 2 25430.

TOTALS• 1500 8 99q 1592 4 30499.

1500 2-HULE DISK STND CASE-HI RES PROBE IWIPPECTION
ItISPECTZON TIME SPECIFIED WITH STATISTICAL UFPATE. MAX ALLOWABLE FAILURE PROGASILITYUO.0Z00.

Xt*1IN,XNtiAXXHPYISASSALBETPXEFFIPRn 750. 750. 15260. 1.000 *.00 1.00 t. 3

5S. LEET TIME AUtMEP OD N•11R OF NUMBER OF MUMER Of RFC DOLLAR GAIh
7.0 * INTRODUCEL ENGINES SNSPECTIOIZ REPLACEMILMi3 FAILURES PER ENGXNE

1 0. 375 t250 3?7 2 N602.
f 750. 375 2s50 287 £ 27413.
3 1500. 375 2249 261 4 17200.
4 2259. 375 2250 289 8 -074.

TOTALS: 1100 W999 1164 16 1"635.

IE--
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1500 I-HOLE DISK SID CASE-HI RES PROBE IHS'PECTILN
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABILE FAILURE PaO6BABLITY:0.0010.

1MINGXNrAXXNPISASSAL,8ET,XCFFIPRZ 750. 750. 15260. 1.000 4.00 1.00 1. 3

hSUFLEET TINE NUMBER OF NUMBER OF NUMBER OF HNUtlEP OF RFC DOLLAR GAIN
zo a INT1iODUCEO U4GINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I C. 375 2250 269 1 33076.
2 750. 375 2250 249 3 22786.
3 1500. 375 2250 263 3 22527.
4 Z250. 375 2250 277 6 6241,

YOIALSt 1500 9000 1058 13 21158.

E-'80
IbOC I HOLE DISK STND CASE-HI RES PROBE INSPECTION

INSPECTION TINE SPECIFIEu WITH STATISTICAL UPDATE. MAX ALLOW4ABLE FAILURE PRO8AB1LTTY20.0050.

XtllIN,)C4IA,Xt491,SASS,AL,BET,XEFP,lPR: 750. 750. 15260. 1.000 4.00 1.00 1. 3

"SIFLEET TIME NUSIDER OF NIttER OF NUMIBER OF NUMBER Or RFC COLLAR .INe
10 I''9tURQE0 NG Itf5PLCTI~tfl REPLACEIIENTS3 FAt LURES PERP EtgIIC-

1 0. 375 2250 259 1 33276.
t 750. 375 ^2250 239 3 22987.
£ 1500. 375 2250 261 3 22567-
4 2250. 375 2250 269 6 6401.

TOTALS' 1500 9000 1028 13 21308.

E-86I

1500 I-HOLE DISK STIR) CASE-Hi RES PROBE INSPECTION
INSPECTION TIllE SPECIFIED WITH STATISTICAL UPDATE. MIAX ALLOWABLE FAILURE PROBAOiUTY20.0200.

)O41114,YXtRIAfPISASSALSETXEFFIPRU 750. 750. 15240. 1.000 4.00 1.00 1. 3

SIMPLERT TIME INUER OF 'TIBER OF W.RIBER OF FUIBDER OF EPC DOLLAR GAIN
108 INTIRODUCED ENG6INES INSPECTIONS REPLACEMENTS FAI LIMES PER ENGINE

1 0. 375 2250 t33 2 28*40.
2 750. 37b 2250 r13 3 I3307,
3 1500. 37!ý 2250 216 3 23"67.
4 2250. 375tr 2250 246 7 1527.

TOTALS' 1500 9000 908 is 19237.

E-2



E-82
1500 DISK 54NO CASE-HI RES PROBE INSPECTION4 INSPECTION TXIlE SPECIFIED WITH COtISTANT SAFETY FACTOR. SF4Z.00.

SXr1l4,XtdAX,XNPI.SAS•,ALBETXLFFIPF= 750. 750. 5087. 1.000 4.00 1.00 1. 3

SUSFLEET TIME NUMBER OF NUMIEP OF "t"uIER OF NUMBER OF PFC DOLLAR GAIN
D 30 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0. 375 2249 634 1 95759.
2 750. 375 2249 598 0 31817.
3 1520. 375 2250 626 ¶ 25961.
4 2250. 375 2250 615 1 26163.

IOTALS: 1500 8998 2473 3 27425.

E-83

1500 DISK ST14D CASE-HI RES PROSf I7SPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFr2-.0.

XNIIIN,)XII•AXXFIPSASSALBETXErFIPR= 750. 750. 5007. 1.000 4.00 1.00 1. 3

SUBFLEET TINE NUMER OF NUMBER OF NUMER UV NULtP'i Of RFC DOLLAR GAIN

iD i !MTRODUrrn PNIJI~N. iuNSETryv *EP' '-EMEW1 rA2LL4~t? PER EFTGLUE 4

1 0. 375 22429 fk3 0 k7517.

2 750. 375 22s50 83:, 0 2?U6.

3 1500. 375 2250 71 0 28;16.

4 2250. 375 1249 719 1 22672.

TOTALS' 1500 8998 3218 I 26365.

1500 DISK ST11O CASE-HI RES PUlk ltSPECTIO$
INSPECTION TINE SPECIFIED WITH COtlSTANT SAVFEY FACTOR. Wv3.30.

OMIHXNNqlMAXf.)PI,SAS5,AL,BET,XEFF,IPRx 750. 7S0. 5007. 1.902 *.00 1.00 I. 3

SUBFLELT TIM1E MASER OF NUMER OF ttrSER OF NUMIBIE Of RFC uI.LAR GAIN

ID I KIRODUCED0 WGINES INSPECTIONS Kr-LACEIiNIS FAILUhI PE•,I UENE

1 0. 375 2249 9!t 0 35537.

2 750. 375 2tSO 893 0 85936.
3 1500. 375 2250 0 06136.

4 2250. 375 20Y9 f49 a0 6797.

TOTAS' 1500 SIl9 Z337 0 2,94.

-- 1-23



E-85

1500 DISK 5TI) CASE-ll1 RES PRO•E INSPECTION
INSPECTION TIME SPECIFIED WITH CONZSTANT SAFETY FACTOR. SF:4.0U.

)GFIItXHIAXtXNPISASSALSETPXEFFIPR: 750. 750. 5087. 1.000 4.00 1.00 1. 3

SULFLEET TIME NUM1ER OF NUMBER OF NUM1ER OF NUMBER OF RFC DOLLAR GATI
In I INTRODUCED ENGINES INSPECTIONS REPLACEIENT3 FAILURES PER ENGINE

1 0. 375 2249 991 0 23917.
2 750. 375 2250 970 0 24397.
3 1500. 375 2250 974 0 24316.

2"650. 375 2248 10I5 0 2308.

TOTALS: 1500 8997 3952 0 24024.

1500 DIS STND CASE-HI RES PROBE INSPECTION
ITSPECTIOH TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF'6.00.

XNfIHPXH?•*XAXNPISASSALPETXEFFIPRn 750. 750. 5087. %.000 4.00 1.00 1. 3

SlJFLEET TIME N1U1MBER OF tflSBER OF NUMBER OF RIMBER OF RFC DOLLAR GAIN
11 4 IN-TR.OOVOCrD (INaES IHSPECTIOT PREPLACEMEHTS FAILUqFS PER ENGINE

1 0. 375 2!49 1135 0 21077.
2 750. 375 2250 1135 0 t1097.
3 1500. 375 2249 1101 0 21a;57.
4 9150. 375 1249 1137 0 21037.

TOTALSt Is00 6997 4508 0 21242.

1500 DXlK S11D CASE-HI RES PROSEL INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SPZ.00.

XlflN4I,*1•AXX)NtSASSAL,.BET.XEFFIPR: 750. 7S0. 4S781. 1.000 4.00 1.00 I.

RFWLEET TINE 1UMBER OF ilOBER OF NtIBER OF NUMBER OF RFC DOLLAR G"I
ID S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EHKNINE

1 0. 375 2248 £14 0 07477.
2 750. 375 l2(O "95 0 t7896.
3 1500. 375 us0 806 0 27676.
4 2250. 375 ,250 762 1 23223.

TOTALSR 1500 8996 7;77 1 26568.

E-80



E-88

2500 DISK STHD CASE-HI RES PJ06E. INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANTY SAFETY FACTOR. 5Fs4.00,

,NtINXtE4Ax,XNPISASSALSET,XEFFIPR: 750. 750. 45781. 1.000 4.00 1.00 I. 3

SLeFLEET TIME NJMBER Or NUMBER OF NUIMBER OF NUMBER OF RFC DOLLAR GAIN
1IO INYRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0 0. 375 1249 999 a 23797.
S750. 375 2250 994 0 23916.
3 1500. 375 2250 962 0 24556.

4 2250. 375 2240 995 0 23657.

TOTALS: 1500 8997 3950 0 240.

E-40

1500 DISK STNO CASE-H! RES PROBE INSPECTIOM
INSPECTION TIME SPECIFIEU WITH CONSTANT SAFETY FACTOR. SF96.00.

XHdINDXWIAXXNPISASSALBETXEFF,IPR= 750. 750. 45781. 1.000 4.00 1.00 I. 3

SLMFLEET TIME NJUBER OF NUMRER OF MI'tSER OF PUER OF RFC DOLLAR GAIN
-' n rLT~tnnA'•rrn rirrurItJ YUUOf'rrWI~qISM arl arrlimzue ay mt PPTMIII I): E•Tl~

I 0. 375 2249 1075 0 92277.

2 750. 375 2250 1068 0 22457.
3 1500. 375 2250 1046 0 12676.
4 ZUS5. 375 2248 t114 0 Z1478.

TOTALS, 1500 6997 4303 0 92267.

800 DISK OLD CASE-HI PES PROBE ItSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SPF2.00.

XNMIriX41AXtXPISASSALBETXEFFIPRU 500. 750. 45781. 1.000 4.00 1.00 1. 3

SIADFLEET TIMlE PUMSBER OF PR1ISE OF ,JMBEk OF POSER Of RFC COLLAR GAIN
13 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 4930 889 1 86043.

2 0. 200 4990 835 a 70855.
3 0. 200 4925 gOS 0 95500.
4 0. 200 5010 011 5 49651.

TOTALS: 800 19855 3440 775(1.

Ei-31



E-91

800 DISK OLD CASE-HI RES PROBE XNtVECT:.3N4
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY u:.Crw.; SF:2.80.

XNtlIN,XlflAX,XNPI.SASSAL.BET.XEFFIPR: 500. 750. 45751. 1.000 4.00 ).01 I. 3

SUL•FLEET TIME NUMBER OF NUMBER OF XEtNl NUMBER OF RFC DOLLAP G4IH
70 S INTRODUCED ENGINES INSPECTICNS REPLACFMHMS FAILURES PIER EVINHE

1 0. 200 4809 1009 0 (u069.
2 0. 200 4830 985 2 71254.
3 0. coO 4081 94,r 1 03595.
4 0. 200 4656 967 3 68tU9.

TOTALS: 800 19376 3901 6

E-fl

800 DISK OLD CASE-HI RES PROBE INSPECTION
YNSPECTIOtI TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF-r.30.

JINeXlNAXtXHPISASSALPBETXEFF,IPR= s00. 750. 45781. 1.000 4.0 1.00 1. 3

SUOFLEET 1IME NIRIER OF NUM¶BER OF HbtISR OF ?fAlOLR 9fi urt- ýiULsn SbAflw

I a IHTRLODUCED ENGINES INSPECTIONS REPLACEMENTS FAIL.URES PER ENGINE

1 0. 200 4766 1055 357,2.

S0. 200 4768 I 1 76155.
3 0. 200 .4806 1019 C 89845.
4 0. 200 4746 1Ce0 I 76808.

TOTALS* 800 19086 4205 5 7566Y.

600 DISK OLD CASE-H! RES PROSE INSPECTION
INSPEL'TIGIl TItlE SPECIFIED WI.TH CONSTANT SAFETY FACIML. Wu4.91.

)OMINfYJ lX,NPIX,.SSS.ALIBETXEFFIPR' 500. n0. 45781. 1.000 4bCt 1.t 1.

"StUFLEET TIh. MIBMER OF NUMBER OF HPER OF IJMfER OF P7C U301-LR -AIN
AU 0 ItIROVU0D ENGINES It4zrECTlOH REPLACEIIENTS FAZILUES PEM t-bfl

1 0. oo0 4733 10&7 a P6.7.
2 0. 200 4607 Q18 I 7061.
3 0. P0or 4585 1241 1 66929.
4 0. 200 4829 943 3 60J957.

TOTALS, 800 18754 4S39 S 71578.



E-94

600 DISK OLD CASE-HI RIE PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. $F=5.00.

XtM Iti,XttitX,XHPISASSAL,BETXEFFpIPR: SO0. 750. 45761. 1.000 4.00 1.00 1. 3

SUSFLEET TIME HIUBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
I• # INROOUCEO ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

s 0. 200 4569 1235 1 69175.
2 0. 200 4541 1288 0 76710.
3 0. 200 4586 1239 2 59042.
4 7. 200 4604 12V 0 79723.

TOTALS-, 800 18322 4989 371163.

E-95

800 DISK OLD CASE-HI RES PROBE INSPECTION
VIPECTION TIlME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.

XtII1H,'0AXXNPI,SASS,ALBETXEFFIPRa 500. 750. 45781. 1.000 4.00 1.00 I. 3

SSU~FLEET TIMEF NUTIBER OF NUM1BER OF HUJMBER OF NUMBER OF RFC DOLLAR GAIN
10 INTRTOiUCED ENGINES INSPECTIONS REPLACEMENTS FAILUMiE PER E.Wwn,.s

0 O. 200 4375 '463 0 68876.
, 2 0.• 200 4489 1347 0 740J3S.

3 0. 200 -'"SO2 1326 2 34779.
4 0. 200 4558 1261 0 77697.

TOTALS' 800 17923 5397 2 68722.

800 DISK OLD CASE-HN RES PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH COHSTANT SAF.TY FACiOR. SF'2.OD.

XWfiN 1bXIWAXXHPISASSALt5T,XEFFIPRz 500. 75000. 45781. 1.000 4.00 1.00 1. 3

SUSFLEET TIME HULlER OF t4R"BER OF HUMBER OF tfL.EW OF IFC DOLLAR GAIN

10 S INTRODUCED ENGINES INSPECTIONS REPLACEIENTS FAILURES PER ENGINE

1 0. too 920 5I8 46 -34194r.
2 0. 200 830 433 35 -257571.
3 0. 200 958 465 43 -309325.
4 0. o00 797 401 45 -326109.

TOTALS' 0oo 3S05 181t 172 -M*4738.

E-SS



S~E-97
*

1• 800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF-2.8O.

XH1IIZN,XIAX,.iPISASS.AL.BET.XEFF,IXPR 500. 75C00. 45781. 1.000 4.00 1.00 1. 3

SUBFLEEV TIME NUMBER OF NUMBER OF NIUBER OF HUIBER OF RFC DOLLAR GAIN

I0 S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 911 560 50 -383912.

2 0. c00 777 429 37 -247369.

3 0. 200 891 486 42 -300339.

4 0. 200 734 427 46 -337246.

TOTALS' 800 3313 1902 1T5 -317217.

800 DISK OLD CASE-HI RES PROBE INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=3.30.

XMIZN,.X AX.XNPISASStAL,BETXEFFIPR= 500. 75000. 45781. 1.000 4.00 1.00 1. 3

S.. . .... - ..- -- nr• t.blbEO 1W Uct hlI? ••
b UNLLU lII IVI CK ur flU*JL •r IiV'.~ -, , , .• .. . .. . .. . ...

10 0 INTRODUCED ENGItIES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 872 565 44 -324323.

2 0. 200 740 450 39 -Z68476.

3 0. 200 911 555 49 -373697.

4 0. 200 808 461 37 -2492!7.

TOTALS, 800 3331 2031 169 -303931.

800 DISK OLD CASZ-HI RES PROBE INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

IIiN,XPtMAXX)WPISASSALfhETýXEFF,IPRZ 500. 75000. 45781. 1.000 4.00 1.00 I. 3

SLEFLEET TIME NUMBER OF NUKBER OF NMAER OF NUMBER OF RFC DOLLAR GAIN

ID S INTRODUCED ENGINES INSPECTIONS REPLACEMETS FAILURES PER ENGINE

0 O. 200 1062 623 26 -144757.

2 0. 200 1043 600 28 -16540•.
3 0. 200 1100 608 3t -106065.
4 0. zoo 986 555 33 -213190.

TOTALS: 800 4196 t386 119 -188l9.

E-84LI



t

E-100
800 DISK OLD CASE-HI RES PROSE INSPECTION

"INSPECTIOU TIME SPECIFIEO WITH CONSTANT SAFETY FACTOR. SF:5.00.

XRIIHPX(tliAXXPItSASSALoc3ETPEFFIPR= 500. 75000. 45781. 1.010 4.00 1.00 1. 3'

SUSFLEET TIME tUlZER OF HUflBER OF NUMBER OF NUMB•ER OF RFC DOLLAR GAIN
In 3 ItiIPUDUCED ENGINES INSPECTIONtS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 1365 680 13 -O2201.
.200 111 611 16 -46877.

0.20 1 11il1
0. o00 1404 668 15 -39689.

4 0. 200 1337 656 18 -69014.

13TALS: 600 5417 2615 L2 -43945.

E-101

800 DISK OLD CASE-HI RES PROSE .14SPECTIOH

INSPEC"ION lItlE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.

XltII,XNMAX,XNIPI,SASSAL.BETXEFFIPR: 500. 75000. 45701. 1.000 4.00 1.00 1. 3

SUDFLEET T7.1 FKtR.U F t unhER OF ....... 0? M'!R CF DFr DfLLAR D AIN
w0 3 INtRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER E•,Zl

1 0. 2:!0 1590 775 7 35088.
2 0. 200 1598 686 9 19&45.
3 0. 200 1608 688 12 -10899.
4 0. o00 "1518 697 9 18946.

TOTALS' 800 6314 2•46 37 15670.

I]

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTIOtN TIME SPECIFIED WITH STATI[SICAL UPDATE. WAX ALLOWABLE FAILURE PROBASLIfZ¥.0@0lO. .

)fhIt!,.b'dlAX,XH4PISASSA L,BETXEFFmIPR: 500. 500. 45761. 1.000 4.00 1O.0 1. 1

R FLEfT TIPE NUMER OF NUMBER OF NUMBER OF NUMBER 0; RFC DOLLAR "IN

I0 t iITRlOUCED ENGINES I'SPLCTIOWS REPLACEMENTS FAILURE3 PER LEm;t

1 0. t00 3399 1956 1 34645.
2 0. too 4001 1848 a 49726.
3 0. 200 *oS8 1796 a 52416.
* 0. too 3S8" 1869 0 48721.

TOTAL'3 500 15942 7469 I *6378.

i I-Is
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E- tOS

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILULE PRSABSZLITYuO.00S0.

X1INXIRIAXXNPISASSALPBETXEFFIPR= 500. 500. 45781. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMIBER OF 1NUMER OF NUMBER OF NUMBER OF RFC DOLLAR GAIH
ID # INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 4231 1590 0 61673.
2 0. 200 422a 1600 0 61374.
3 0. 2oo 4287 1542 0 64336.

4 0. 200 4299 1519 0 65103.

TOTALS' 800 17045 6251 a 63122.

E-104

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITYO.000. --

*8IIJ0,1MAX, XNPI, SASS,AL,SETXEFFt IR= 500. 500. 45781. 1.000 4.00 1.00 1. 3

SUIFLEET TIME NIUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR AIN
I w INTRODJbCED EtGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 4837 976 3 61599.
2 0. 200 4931 882 4 56186.
3 0. 1^00 4882 925 4 53950.
4 0. 200 4989 C29 0 98954.

TOTALS' 800 19639 3612 11 67680.

600 DISK OLD CASE-HZ RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WIIH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROAS[ILITY:O.0I0. 0

XIMIH,X1#IAX,PNPI,•SASSALBETXEPF,IPRp 500. 75000. 45781. 1.000 4.00 1.00 1. 3

SULFLEET lIKE NUMBER OF NUMBER OF NUMlBER Of NWUER OF RFC IDOLL GAIN
IS IO INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PVR ENGINE

1 0. 200 2509 1577 a 636to.
2 0. too t442 1540 2 47360.
3 0. 200 2507 1548 1 56744.
4 0. 200 2492 1542 1 57648.

TOTALS: 800 9950 6207 4 54"3.

E-fI." a

Hm.



800 DISK OLD CASE-HI RES PROBE IH$"ECTION
INSPECTION TINE SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROSA3ILIfl=0.O05.

XNIITNXIVIAX,XNPISASSALBETXEFFIPRX 500. 75000. 4578t. 1.000 4.OU 1.00 1. 3

SUBFPLEErT TIME HL*IDER OF NUL*ER OF NUMIBER DF NMIBER OF RFC DOLLAR BARN
Ia I INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

10. 200 1891 1298 z 59065.
20. 200 1861 1289 2 59345.

3 0. 200 1892 1283 3 49973.
140. 200 1902 1247 2 61832.

TOTAL$, 800 7546 5117 9 57534.

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIMlE SPECIFIED WITH STATISTICAL UPDATE. tIAX ALLOWABLE FAILURlE PROSABILITYRO.0100.

X)CIIMXNflAX.XNPISASSALBETXEFFIPRý 500. 75000. 45781. 1.000 4.00 1.00 1. 3

JILF imr' MrMr ~ fE" OF W"I*IEI OF~ M=E OF NtfEA OiF RF:C UUjLLWk wAim

IDp S IHrifRULUED ENGINES INSPECTIONS REPLACEMENTS FAILURES rER ENGINE

1 0.* to0 1506 1059 * 51340.
2 0. 200 1463 1037 4 52470.
3 0. 200 1486 1620 8 13373.

4OTALS 200 1493 1032 3 62308.

600 DISK OLD CASE-HI RES PROBE INSPECTION
INISPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PRCBSAIUITYz0.0t00.

XWIINPXlEAX,XI4PI,SASS,ALBETXEFF.IPR: 500. 75000. 45781. 1.000 4.00 1.00 1. 3

SWBFLEET TIME NMBSER OF N112R OF NMBSER OF NMISER OF RFC DOLLAR GAIN
10 INTRODUJCED ENGINES INSPECTION3 REPLACEMENTS FAILURES PER ENGINE

1 0. t00 1315 943 11 -12938.
2 0. 200 1235 879 15 -49655.
1 0. 200 1325 903 it -10965.
4 0. 200 1241 843 17 -46208.

TOTALS' 600 S116 ma6 34

2-07



4800 DISK OLO CASE-HI RES PROBE INSPECTION
t I IN'PECTI0H) TTME 5PECIFIED WI7H CONSTANT SAFETy FACTOR. 5F=2.00.

XNrIIN,XNMAXXtPI,SASS,ALDET,XEFF,IPR: 500. 750. 15260. 1.000 4.00 1.00 1. 3

SUZ3FLEET TIME KtUIBER OF NUMBER OF NUMB3ER OF NUMBER OF RFC DOLLAR GAIN
D0 P INTROOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 5084 733 5 53601.
0 . 200 5147 671 3 76679.

S0. 200 5181 633 2 88462.
4 0. 200 5148 666 6 46857.

TOTALS: 800 20560 2703 16 66400.

800 DISK OLD CASE-llr RES PROBE INSPECTIONINSPECTION TIME SPECIFIED W17H CONSTANT SAFETY FACTOR. SFZZ.80,

XNIN,XNIIAX.XNPISASS,AL,BETXEFFIPR: 500. 750. 15260. 1.000 4.00 1.00 1. 3

5s1.urLcET TIHE JreiSER OF NUMBER OF NUM&IBER OF NI.U1ER OF RFC DOLLAR GAIN
IO 0 INTHOLIUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I C. L0o 5031 789 2 80993.
p 0. 200 5016 795 1 90438.
3 0. 200 4991 831 3 68967.
4 0. 20D 5048 778 3 71586.

TOTALS: 800 C0036 3193 9 77996.

800 DISK OLD CASE-HT RES PROSe INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 3F=3.30.

XNtI#N,Xý#AX,XNPI,SASS,AL,8ET,XEFF,IPR= 500. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF NRIER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
IO# INTROOICED ENGINES INSPECTIONS RZPLACEMENTS FAILURES PER ENGINE

1 0. 200 4954 874 2 76986.
2 O. 200 4904 920 I 8426.
3 0. 200 4989 842 3 68593.S0. 200 4982 840 2 78518.

TOT'ALS, 800 19829 3476 a 77161.

E-8



E-112

800 DISK OLD CASE-HI RES PROBE INSPECTION
ItPSPECTION TIME SPECIFIED WITH COISTANr SAFETY FACTOR. SF=4.00.

XNtIr4,XNM#Y,YI;PI,SA55,AL,8ET,XEFF,IPR= 500. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLU r TIME NUMBER OF NUMBER OF NUMBER OF NUM1BEP OF RFC DOLLAR GAIN
To N INIPODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0. 200 4854 962 1 02330.

2 0. 200 4837 983 1 81443.
0 . 200 4876 953 3 63191.

4 0. "00 4858 956 3 62596.

TOTALS: 800 19425 854 a 72390.

E-4113

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPFCrION lIME SPECIFIED WITH COISTANT SAFETY FACTOR. SF=5.00.

XNtHIN,XNMAX9XNPI,SASSALBETXEFF.IPR- 500. 750. 15260. 1.000 4.00 1.00 1. 3

StMFLEET 1IME NMiBER OF NUMBER OF tIME or iinnrrEw OF rFC uOLLAR GAIN

ID S INTROOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 4762 1052 0 67914.

2 0. Zoo 4747 1080 2 66906.

3 0. 200 45Q4 1234 0 79356.

4 0. 200 te1 1016 3 59926.

TOTALS: 800 18914 4*2 5 73526.

E-114

800 DISK OLD CASE-HI RE5 PROBE I1SPECTION

INSPECTION TIME 5PECIFIED WITH CONSTANT SAFETY FACTOR. SPV4.00.

XWtll.XNMAX.XNPI.SASS,ALBETXEFFIPgz 500. 750. 15260. 1.000 4.00 1.00 1. 3

SUEFLEET TIME NUMBER OF NUMtBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN

ID S INTRCOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 G604 1217 0 80022.

2 0. 200 4570 1258 1 68168.

3 0. 200 4662 1164 2 62693.
4 0. 200 459* 1232 1 693E6.

TOTAL$S 800 186430 "871 4 70052.

E-39



II E5-115

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TINE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.O0.

XNMIN,,X1#AXXNPI,SASSAL,BET,XCFF,IPR= 500. 75000. 15260. 1.000 4.00 1.00 1. 3

SUB5 LEET TIME NUMBER OF HttMEP OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
10 8 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

S0. .00 1443 501 12 -1385.

0. 200 1431 528 16 -42403.

3 0. 200 150o 499 14 -21372.
4 0. 200 1474 533 8 37061.

TOTALS' 800 5851 2061 50 -7024.

I;-116

800 DISK OLD CASE-III RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFVZ.80,

XNMIN,XHt1AXXNPI,SASS,AL,BET,XEFF,IPg= 500. 75000 15260. 1.000 4.00 1.00 1. 3

SU9FLEET TIME NUM"BER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
1) 9 INTRODUCED ENGINES INStLL'iUNS REFLACEiEI4T• FVA!LURES PER ENC•INE

0 . 200 1768 648 4 71116.
2 0. 200 1712 619 7 42721.
3 0. 200 1730 612 8 32869.
4 0. 200 1645 596 7 43795.

IOTALS! 800 6855 2475 26 47631.

8oo DISK OLD CASE-HI RFS PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=3.30.

XNMIN.yXHtAX,,JP!.SASS,AL,BETXEFFIPR= 500. 75000. 15260. 1.000 4.00 1.00 1. 3

IISUD'FLEET TIME NUMBER OF NUMBER OF NUMIBER OF NUMBER OF RFC DOLLAR GAIN
10 # INiRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 1989 710 7 37747.
2 0. 200 1889 656 5 60924.
3 0. 200 1991 698 2 88502.

0. 200 lq14 630 5 61933.

TOTALS' 800 7779 2694 19 62277.

E-40
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fla tDISK 010 CASE--HI r4Es PRaB INSPEC1(7W4
1¶SPECTA3N KI15 SECIFI,'LD WITH CONSTANT SAFETY FACTOR. 5fz4.00.

X<te11tI,)G#1f.XHtflxSAtSsALBE1,PXF.FF,1PR= S0. 7S000. 15260. I.COO 4.00 1.00 1 .

SM!IFIEFT TIME HVM~BER OF HI*IEP Of RMIMER OF WMtER OF RtC DOLLArt GAIN
ID ZNTPO0UCLD E.4GINE3 IN3PELU61t4S REPLACEMEO4 FAILSURES PER ENGIVIt

I0. 'fl 2fl99 757 4 6537A.
20. 200 2 069 73i !5 5 646.

iI.SSG W5 725 3 770(34.

0100 DISK 010 ChSf.-HI RES PROBE XNSPECTXOH .0 .:.

ý?ZSPECT1Q4 TII',E SPECIFIED SAFCOSMI ETY FACTOR~. SF--5.00.

2II 0.MA P0 2469 SASS &L2r cr pý 50 'bo 56.100 40 ý0 1

4 0. Zoo 24-21 791) 5 573

TOTALS, 800 99;13 338'; a 80569.

800 CISK OLD CASE-HI PEST PROSE 1INSPECTION
SISPECTION TIMlE SPECIFIEi) WITH CO$S4TAI4T SAFETY FACTOR. 1716.00.

)t.ftlIt4,Ayt1KXNPIrý5A$S5,ALaETXErFoIPRsI SOO. 75000. 15260. 1.000 4.00 1.00 1. 3

SIJVFLEET TIME NUW3W oF HOSER OF 'OSER CW HME Oal fi o FC *r WLL0P WIN
ILI * flflWOUCtL.. EV'.iHES P45PEC110S4 LACVE11EH1A FAILURES PE64 VEIMXE4

10. 200 102. I3 271671.
2 Q. 200 V.t14 981 1 1736.
3 0. 200 W610 97f) W l9.
4 0. too 2665 1006 4 528,56.

IOTMLS' COO lO0512 3198 7 759



E-121

1500 DISK SKIP CASE-HI RES PROBE ISPECTIOS
INSPECTION! TIME SPECIFiEO WITH STATISTICAL UPDATr. MAY ALLOWABLE FAILURE PROSABILITYZO.0010.

VNMINXNIIAX,Xt4PI,SASSAL,BFTXEFF,IPR= 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUBFIEET TIME tWOlER or NUIIBEP OF FWIBER OF o NUHER OF RFC DOLLAR GAW!

I(, v "NIRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1191 0 19957.
2 750. 375 2250 1179 0 20217.
1 1500. 375 2249 1156 0 20657.

11 22U. 375 2249 1156 0 20657.

TOTALS : 1500 8997 4682 0 20372.

E- tfl

IS1O0 DISK SKIP CASE-HI RES PROBE INSPECTION
!'SJt'EC T1101UME SPECIFIED NHIIH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABIL1TY:0.0020.

•flhN!, XHt1AX.XNJPI,SASS, AL,BETXEFF• FR= 750. 750. 5160. 1.530 4.00 1.00 1. 3

SUBFLEET Titl NtJMRFQ OF . jI... ..ct CF L!. mrn,1 ^v I OF iRwC UULLAR SAIN
D0 11 IITPOICUCCO EI$GIIES IiJSP£EU,.UN5 REPLACEMENTS FAILUPES PER ENGINE

1 0. 375 1229 1174 0 20297.
2 760. 375 2250 1163 0 20537.
3 1500. 375 2249 1125 0 2.1277.
' 2'. 375 22"49 1109 0 21597.

TOrAI.z 1500 8997 4571 0 20927.

E-123

1500 DISK SKIP CASt-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. HAX ALLOWABLE FAILURE PROBABILZTYO.0@050.

Xw1IN1 4,tf"AX,XNPISASSALBETXEFF,IPR= 750. 750. 5160. 1.330 4.00 1.00 1. 3

SIJBFLEET TIME NUMBER OF WitmR OF CUMBER uF NLtR OF RFC )DOLLAR GAIN
10 # INTRODUCED ENGINES INSPECTI(JNS REPLACEMENTS FAILLRS PER ENGINE

1 0. 375 92249 t140 0 20977.
2 750. 37S 2250 1107 0 21657.
3 1500. 175 ."I0 1049 0 22816.
4 2250. 375 2248 1070 0 22358.

TOTALS, f500 8997 4366 0 21952.

E-42
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1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY:0.0l00.

XIl#1!NXNMAX.XNPI,SASSAL,BETXEFFIPR= 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
I0 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1071 a 22357.
750. 375 2250 1027 0 23257.

3 ssoo. 375 2150 912 0 25556.
S2250 375 2248 896 0 25838.

TOPLS: 1500 8997 3906 0 24252.

E-126

1500 DISK SKIP CASE-HIt RES PRO1E INSPECTION
INSPECUIOI TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY:0.0200.

XINtIIN,Xt:'tAX, XPISASSAL,BETXEFFoIPR2 7..0. 750. 5160. 1.330 4.00 1.00 1. 3

5'• LEFT TIME NUN3ER OF HISS1ER OF NUMBER OF HUSER OF RFC DOLLAR GAIN

it, 4 ZUTPOA!IrEn 714PCTrN 'iC t~Lav xrELACEhtNIS FAILURES PER ENGINE
1 0. 375 2249 994 0 23897.
S750. 375 2250 906 0 P5676.
3 1500. 375 2250 766 0 28476.
S2250. 375 2249 663 0 30517.

TOTALS: 1500 8998 3329 0 27142.

E-126

1500 DISK SKIP CASE-HI RES PROS1 INSPECTZON
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. "AX ALLW4ABLE FAILURE PROBABILI1Y•0.0500.

XP•IIHN.XMAX#,XNPI.SASSALBET1 XEFF,IPRa 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUBFLEET TIME Ut'EfR OF HIUBER OF NSUMER OF NUMBER OF RFC OOLLAR GAIN
ID I XNTPOOUCED ENGINES INSPECTIONS REPLACEMENTS FAILUREV PER ENGINE

0 0. 375 *249 771 1 93040.

2 750. 375 2e50 663 1 25199,
3 1500. 375 2250 526 2 !2628.
4 2250. 375 1249 432 I 29812.

TOTALS' 1500 8998 1392 5 25170.

E-46
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1500 DISK SKIP CASE-HNI ES PROBE INSPECTION
VISPECTION TIME SPECIFIED W1TH STATISTICAL UPDATE. MAY< ALLOWABLE FAILURE PROBABILITY=0.0003.

XtrINi,ý'IMAc<e;PZ,SASSAL,8ETXEFFrPRp 750. 750. 48106. 0.750 4.00 1.00 1. 3

4SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
I" P INTRODUCEO ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

! 0. 375 2249 1194 0 t9897.
750. 375 2250 t195 0 19897.

3 1500. 375 2249 1282 0 20137.4 ^.1:51:. 375 2,1149 1l 77 0 Z0." 37 •

TOTALS; 1500 0997 4748 0 20042.

E-128

1500 DISK SfrP CASE-HI RES PROBE INSP2CTION
Ip.PECTION TIME iPEC7FIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY:0.0010.

yNMI4,XNMAy.XIYPI.SASS.AL,BET,YEFF,IPR- 750. 750. 48106. 0.750 4.00 1.00 I. 3

SUOFLrET 1IME ntLPER OF NU!¶BER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
lu .•i<IRQOLU;ED ENGINE i INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1194 0 19897.
2 750. 375 C250 1195 0 19897.
3 2503. 3 75 249 11" 0 20237.
14 2S.375 2249 1177 0 20237.

TOrALS! 1500 8997 474F' 0200-.

E-129

1500 DISK SKIP CASC-41 RES PtObe IM*PErk ICJ
ItISPECTION TIME SPECIFIED WITH ST).ISTICAL UtFATl. NAX ALLOAABLE FAILURE PROBABILITY:0.0020.

Xf,.7lIN,XJiAX, XNPISASS,ALEBET,XEFF,IPR= 750. 750. 481:6. 4.750 t-.OS 1.00 1. 3

-S2AFLEE" TIME NWIDER OF Nf13ER Cl' hRREZIE Or NUlIIXR OF RFC DOLLAR GAIN
in ft ?I TFC(A)WcC0 EiLZtN2S INSPE(,TIONS REPLACEMENTS FAPIjRLS PER ENGINE

1 0. 375 22410 1?' '4 0 19897.
S750. 375 2!5o0 1195 0 19897.
3 1500. 375 2249 1182 0 20137.
4 2250. 375 2249 1177 0 20237.

lOTt.LS, 15so 8997 4748 0 20042.

E-44
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1500 DISK SKIP CASF.-I WES PR1(A INSPECTION
VtlSPECTIO14 TIME SPECIFIED WITH STATISTICAL UPDA1E. MAX ALLOWABLE FAILURE PROBABILITYSO.06H.

XtfIfIN.X;#AMA VHPI.SASSALPETXEFFIPR= 650. 750. 48106. 0.750 4.00 1.00 I. 3

SL'EFLEET TIME NIUMER Of NL'tEER OF MilDER OF MUMSER OF RFC DOLLAR GAIN
10 * INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER FNGINE

1 0. 375 2249 1172 0 20337.
2 750. 375 2250 1186 0 20077.
3 1500. 375 2249 1158 0 20617,
SZ.150. 375 2249 1168 0 20417.

TOTALS' 1500 8997 4684 0 203o6,

E--131

1500 DISK SKIP CASE-HI UES PROSE INSPFCTION
"INSPECTIO14 TIME SPECIFIED 141TH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROSABILITY.O.0100.

XWIIHNXNMAX,XNPISASSALBETXEFF.IPR= 750. 750. 48106. 0.750 4.00 1.00 1. 3

SUJFt EET TIMlE NUMBER OF HUMBER OF NUMBER OF NMIBER OF FC DOLLAR GAIN

10 1 ItITROOUCED ENGINES INSPECTIONS REPLACErLNJS FAAiLCRES PER EHNGINE

1 0. 375 2249 1135 0 21077.
2 750. 375 2250 1150 0 20797.
3 1500. 375 2249 1126 0 21257.
4 2Z50. 375 2249 1122 0 21337.

TOTALS' 1500 8997 4533 0 21117.

E-132

1500 DISK 5KIP CASE-HI RIES PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLM4ASLE FAILURE PRO8A5ILITY-0.0200.

XHMIN,XMAX.XtIPISA35,AL.BETXEFFIPR: 750. 750. 4*106. 0.750 4.00 1.00 I. 3

SUIFLEET TIME NMtBER OF IMSER OF NI1BER OF NUMBER OF RFC DOLLAR GAIN
o 1s INTRODUCED ENGINES INSPECTION3 REPLACIEENTS FAILURES PER ENGINE

1 0. 375 2249 1079 0 22197.
2 750. 375 2250 1024 a £3317.
3 1500. 375 2250 90 a o499.
4 2-50. 375 2248 907 0 25618.

TOTALSt 1500 6997 3950 0 2403.

E4

E-416
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1500 DISK ISTRES=Z CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOD. SF=2.00.

XNIIN,XtIAX.XNP'I,SASSALBETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUSFLEET TIME NUMBER OF NUNSER OF NUMBER OF NUM*Ebý OF RFC Or)LI.AR GAINS10 i INTRODUCED ENGINES INSPECTIONS REPLACEMENTS fAILURES PER ElaINE

1 0. 375 2249 254 11 -20024.
2 750. 375 2250 232 10 -14160.
3 1500. 375 2250 225 8 -3342.
4 2250. 375 2C50 C56 16 -46622.

TOTALS: 1500 8999 967 45 -21037.

E-I--

1500 DISK ISTRES=2 CASE-HI RES PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTCR. SF=4.00.

XHMIHNXWNA4,XHPI,SASSALBET,XEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 I. 3

"SUBFLEET TIME NJMBER OF NMB[ER OF NUMBER OF NIMBER OF RFC DOLLAR GAIN
D INTROdUCED ENGINES INSPECTIONS REPLACEIIENTS FAILURES PER ENGINE

1 0. 375 2249 254 11 -2002,.
2 750. 375 2250 232 10 -14160.
3 1500. 375 2250 225 8 -3342.
4 2250. 375 2250 256 16 -46622.

TOTALS: 1500 8999 967 *5 -21037.

1500 DISK ISTRESrI CASE-HI PES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.

Xh#IIN,XNttAX,XNPI,SASS,AL,BET,XEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF NURtER OF NUMBER Of NUMER OF RFC DOLLAR AIN'
ID i INTROCICED ENGINES 1INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0 0. 375 2249 311 8 -5150.
2 750. 375 2250 292 9 -1003ý...
3 1500. 375 2250 273 3 22356,
4 2250. 375 2250 299 7 *53.

TOTALSt 1500 8999 1175 27 II6.

E-40-
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1S00 DItK ISTPES=2 CASE-il1 RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. sr=e.o0.

XNrltIN,XI#IAX,.NIrr.SASS.AL.BET,XEFF,IPR: 750. 750. 15260. 1.000 4.00 1.00 I. 3

SUBFLEET 7IME NUMBER OF tPUBER OF NhSEN OF NUMBER OF RFC DOLLAR GAIN
ID I INTRODUCED EI9GINLS INSPECTIONS REPLACEMENTS FAILURES P'c- ENGINE

1 0. 375 2249 438 4 13656.
2 750. 375 2250 429 4 13884.
3 1500. 375 2250 428 1 29898.
4 2250. 3-15 ZZ50 396 6 3854.I .TOTALS: 1500o a999 1691 Is 15323.

E-137

1500 DISK ISTRES=2 CASE-HI RES PROBE INSPECTION

INSPECTIOH TI•E SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=ww*4r".

XNt1¶IXNMAX.Xt4PI,SASS.ALBEYXEFF,IPR: 753. 750. 15260. 1.000 4.00 1.00 I. 3

SUOFLEET TINE NUMBER OF NUMBER OF NUItMER OF Pt,.ER OF RFC DOLLAR GAIN

I0 S INTRODUC.ED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 649 20120.

2 750. 375 2250 646 1 25536.

3 1500. 375 2250 640 0 30994.

4 2250. 375 2249 643 1 25582.

TOTALSt 1500 8990 2578 4 25558.

1500 DISK ISTRESst CASE-HN RES PROS! INSPECTION
INSPECTION TIME SPECIFIED MIT" CONSTANT bAFETY FACTOR. SFt2.00.

XMIIN,XtWIAX-XNPISASSALBETXEFF,IPR: 750. 750. 48106. 0.750 4.00 1.00 I. 3

SUBFLEFT TIME IRJRER OF PUARER OF tMIBER OF NUMSER OF RFC DOLLAR GAINI
ID V INTRODUCED ENGINES INSPECTIONS REPLACENFNTS FAILURES PER tWZEN

1 0. 375 2249 254 I1 -20024.

2 750. 375 2250 232 10 -14160.
3 1500. 375 2250 225 a -334t.
* 2250. 375 22S0 256 16 -"662t.

TOTALS' 1500 8999 96? 45 -21037.

E-47
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1500 DISK ISTRES=2 CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

XNMINXNMlAXXNPISA$SAL.BETXEFFIPR= 750. 750. 48106. 0.750 4.00 1.00 I. 3

SUDFLEET TIME NUMBER OF NUMtBER OF NUMBER OF NURBER OF RFC DOLLAR GAIN

ID a INTROnUCED ENGINES INSPECTIONS REPLACEMENTS FAILU9ES PER ENGINE

1 0. 375 2249 254 11 -20024.
2 750. 375 2250 232 10 -14160.
3 1500. 37S 2250 225 8 -3342.
4 2250. 375 2250 256 16 -46622.

TOTALS: 1500 8999 967 45 -21037.

E-140

1500 DISK ISTRE5=2 CASE-HI RES PROBE INSPECTION

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.

XNMtIN.XNMAX,XtNPISASS,ALBET,XEFF,IPR• 750. 750. 48106. 0.750 4.00 1.00 1. 3

SU6FLEET IinE NiibER OF Nunbtwe OF kiubi OF nurL.ER OF RFC OuLLAN bAlk

ID # INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 254 11 -20024.

2 750. 375 2250 232 10 -14160.

3 1500. 375 2250 225 8 -3342.

4 2250. 375 P250 256 16 -46622.

TOTALS: 150O 8999 967 45 -21037.

E-141

1500 DISK ISTREb=C CASE-HI RES PROBE INSPECTION
INSPECTION lIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF:Z.00.

XNtINP,Xl*1AX,XNPISASSALBETXEFF,IPR: 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUBFLEET TIME MJItBER OF NUM1ER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID o INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 363 6 4490.

2 750. 375 2250 347 9 -11156.

3 1500. 375 2250 310 1 32256.
4 2250. 375 2250 343 4 15618.

TOTALS' 1500 8999 1363 20 10"02.

E-48
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1500 DISK ISTRES:2 CASF-tI RES PPOSE INSPECTION
INJSPECTION TINE SPECIFIED W!Tri .. ZIbTANT SAFETY FACTOR. 5F:4.00.

XNNINXNMA,.XtJP•.SASS,,AL,BET,XFFF,IP1= :,a. 75?. 5160. 1.330 4.00 1.00 1- 3

SUDFLEET TIME NUMBER or t".jtE;' o0 kINBER OF NUMBER GF RFC DOLLAR GAIN

I0 x INTRODUCED ENGINES INSI'ECW0N RtEPLACEMENTS FAILURES PER ENGINE

1 0. 375 2246 896 0 25837.

S750. 375 2;5f 883 1 20797.
3 1500. 375 2250 838 0 27035.
4 2250. 375 2250 878 0 26235.

TOTALS' 1500 8993 3495 1 24976.

E-143

1500 DISK ISTRESzD CASE-HI RES PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF-6.00.

XW•IINDXtIIAXXNPI,SASSIALBETXEFF,2PR: 750. 750. 5160. 1.330 4.00 1.00 1. 3

sUOFLEEr, TIME N'JIEER OF ItCCEP OF N'JIER OF WSE-ER OF RFC DOL6LAR CA-IF
ID I 1NTRODUCED ENGINtES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1194 0 19897.
750. 375 2250 1195 0 19897.

3 1500. 375 -&^Z'49 1182 0 20137.
4 ,250. 375 2249 1177 0 20237.

TOTALS' 1500 8997 4748 0 90042.

1500 DISK ISTRES:1 CASE-HI RES PROBE INSPECTION
INSPECtION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLF FAILURE PROBASILITY=O.0005.

XHI1tI,X?#IAXANPISASSALBETXEFF,IPR: 750. 750. 15260. 1.00C 4.00 1.00 1. 3

SUIFLEET TIME NUMBER OF tUMER OF NUMBER OF NUMBER OF RE. DOLLAR "AIN

iD 8 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURIES PER ENGINE

1 0. 375 2249 1123 0 21316.
2 750. 375 2250 1147 1 1551?.
3 1500. 375 2249 1132 0 21136.
* 2250. 37S 2249 1133 0 21117.

TOTALS' 1500 8997 4535 1 19771.

E-49
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1500 DISK ISTRESz2 CASE-HI RES PROBE IHSPICTION
INSPECTION lIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.001f.

XtRI1NXt4MAX.XNPI,SASS,AL,BETXEFFIPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUOFLEET TINE NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID S INTROOUCFO ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1101 1 16417.
S750. 375 2250 1123 1 15996.
3 1500. 375 ZZ49 1154 0 Z0697.
4 2250. 375 2249 1131 0 £1157.

TOTALS: 1500 8997 4589 2 18567.

E-146

1500 DISK ISTRES:! CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROSABILITY=0.0050.

XWIINXNIIAX,XNPI,SASSAL,BETXEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUhB•ER OF NUMBER OF NIUER OF NUMBER OF RFC: DOLLAR CAIN
10 8 INTPOOUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENSINE I-

1 0. 375 2249 864 3 10498.
2 750. 375 2249 909 3 9583.
3 1500. 375 2250 903 1 20401.
4 Z250. 375 2250 895 0 25895.

TOTALS' 1500 8998 3571 7 16594.

E-14

1500 DISK ISTRES=2 CASE-HI RES PROBE INSPECTIOI
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDArE. MAX ALLOWABLE FAILURE PROOADILITYZO.0200.

)lIN,XNHAX,XNPI,SASS,AL,BETXEFF,IPR= 750. 750. 15260. 1.000 4.00 1.00 1. 3

SUSFLEET TIME NUMBER OF NUtMER OF NUMBER OF NUIBER OF V. C DOLLAR GAIN
ID U INTRODUCED ENGINES INSPECTIONS REPLACEMFV'T FAILURES PER EHGINE

1 0. 375 2249 458 5 7933.
2 750. 375 2249 378 7 -1127.
3 1500. 375 2250 306 4 16312.
4 2250. 375 2250 297 9 -10126.

TOTALS: 1500 8998 1439 25 3248.

E-so
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1500 DISK ISTRESaE CASE-HI RWE PROSE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOIABLE FAILURE PROSABILITYxO.0010.

X.I'IN,X)nAX,XUPISA55,AL 1BETXEFFIPR2 750. 750. 48106. 0.750 4.00 1.00 I. 3

SUBFLEET TIME NlOER OF UMBER OF NSMER OF NUMER OF RFC DOLLAR "AIN
D 1a INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2248 978 3 81,4.
2 750. 375 2250 1087 4 707.
3 1500. 375 22SO 1134 0 t1116.
4 2250. 375 2249 1210 0 19577.

TOTALS' 1500 8997 4409 7 12396.

E-140

1500 DISK ISIRES=2 LEAD-THE-FLEET CASE-HI RES PROBE INSPECTION
INSPECFION 711tlE SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY:O.O010.

XlMItlXtI#AX.)0PI,SASSALBETXEFF,IPR= 750. 750. 48106. 0.750 4.00 1.00 1. 3

SUer.LEET TIME M1tSFP? OF N'JUAER Of WJI5MER OF NLFISER OF RFC DOLLAR CAIN"
ID W INTROWJCED ENGINIES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 964 3 8483.
2 5250. 375 2249 1050 0 22776.
3 10500. 375 2250 1004 0 23715.
4 15750. 375 2249 fi0l 0 23555.

TOTALSt 1500 8997 4029 3 19632.

1500 DISK ISTRES2 NO-FLEET-LEADER CASE-HI RES PROBE INSPECTION
INSPECTION TINE SPECIFIED WITH STATISTICAL UPDATE. HAX ALLOWABLE FAILURE PROAUBILITY=0.00IS.

XI1,XNtAXXNPZSASSALBETXEFFIPRx 750. %.. ,,8106. 0.750 4.00 1.00 1. 3

SWFLEET TIME NUMBER OF WIBER OF NOUMER OF NUMBER OF RAF DOLLAR GADE
I0 U INTRODUCED EGOINES INSPECTIUNS RiPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 950 2 14097.
2 0. 375 2250 946 5 -1805.
3 0. 375 2249 935 3 9047.
4 0. 375 2250 920 3 9381.

TOTALS' 1500 8998 3751 13 7480.

E-61



5500 DISK ISTRES=t CASE-HI RES PROBE INSPECTION
INSPECTION TIMF SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBASILITY=O.0050.

XIOIIHNXNt1AX,XNPI,SASSAL,BET,XEFF,IPR= 750. 750. 40106. 0.750 4.0 1.00 1. 3

SUOFLEET TIME NIUBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID 1 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 807 4 6299.

2 750. 375 2250 862 4 5207.
3 1500. 375 2249 809 0 25699.
4 2250. 37S 22•50 861 1 21241.

TOTALS:" 1500 8998 3424 9 14660.

E-152

1500 DISK ISTRES:! CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILXTY:O.0200.

XtIMIHXNVMAX,XNPI,SASS,AL,BETXEFF.IPR: 750. 750. 48106. 0.750 4.00 1.00 1. 3

SIMFLEET T1IME Nur14f (it miUnsER Of it-OiR OF tASZER i KrFC UDLLA, rA;N
ID V INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 468 6 2411.
2 750. 375 2249 420 8 -7319.
3 1500. 375 '2250 394 4 14554.
4 2250. 375 2250 336 10 -16266.

TOTALS, 1500 8998 1618 28 -1655.

E-15S

1500 DISK ISTRES=Z CASE-HI REIS PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPOATE. MAX ALLOWABLE FAILURE PROBABILITYwO.0010.

)G#IINXhAnAX.XNPI,SASSOALBET.XEFF.IPR= 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUBFLEET TIME HUM13ER OF HNUMER OF NUMBER Of NUMBER OF RFC COLLAR GAIN

ID 4 INTRODUCED ENGtIES INSPECTIONS REPLACEhENTS FAILURES PER ENGINE

1 0. 375 2249 1161 0 20157.
2 750. 37S 2250 1 149 0 2061 7.
3 1500. 375 2249 1113 0 21517.
4 2250. 375 2249 1069 0 22397.

TOTALSt 1500 6997 4512 0 21222.

E-62'



1500 DISK ISTRES:2 LEAD-THE--FLEET CASE-NI RES PROBE INSPECTION
INSPECTION TI?1E SPECIFIED WIT11 STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROSASILITYrO.00l0

XtrIIo~nH,IWAXXNPISASSALBETXEFFIPRZ 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUPFIEEr TIME NMBtER Or NUrSER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID 1 INTRODUCED ENGINES INSPIECTIO14S REPLACEMENTS FAILURES PER ENGINE

10. 375 2249 1210 0 19417.
2 5250. 375 2249 1112 0 21537.

II - E-16G

1500 DISK ISTRES=2 NO-FLEET-LEADER CASE-HI RES PROSE YNSPECTION
INSPECTION TIME S:PECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PRO8AD)ILITY=0.0010.

X0#IIN,XhIIAX,XNPI.SASSAL.BET,XEI-F,IP~t 750. 750. 5160. 1.330 4.00 1.00 1. 3

SLUhFLEET TIVE t$JI1BER CF MilER OF l[JMBER OF MilER F? or C VrOLLAR GAIN
Iii INTRODUCED ENGINES vISPECTION'S REPLACEMENTS FAILUmFs PER ENGINE

10. 375 2248 1165 0 20455.
2 0. 375 2250 1140 0 20997.
3 0. 315 2250 1)27 0 21257.
4 0. 375 2249 1140 0 80977.

TOTALS: 1s0o 899? 4572 a 20922.

1500 DISK ISflES=2 CASE-NI RES flOSE INSPECTION
INSPECTION TIMlE SPECIFIED 111Th STATISTICAL UPDATE. MAX ALLC4ARLE FAILURE PROUAILITY:0.O050.

XNMPd1IN, ,X,)OPIASSAL.BETXEFFIPRN 750. 750. 5460. 1.330 4.00 1.00 1. 3

SWFLEET TINE NMISER OF NMBlER OF NMIER OF POSER OF ETC DOLLAR "AIN
I0 v INTRODUCED ENGINES INSPECTIONS REPLACEtfENTS PAILURES PER ENGINE

1 0. 375 2249 2036 0 83057.
2 750. 375 2250o 877 0 2#257.
3 1500. 375 225 705 1 24378.
4 2250. 375 2849 520 2 22728.

TOTALS, 1500 89" 3138 3 24105.

E-53



E-15?

1500 DISK ISTRES=2 CASE-HI RES PRO•E INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBAB[LITYZO.0200.

XNhIN,XNMAX,XNPI,SA5S,AL.BETXEFFtIPR= 750. 750. 5160. 1.330 4.00 1.00 1. 3

S4JFLEET TIME NUMBER OF NUMBER OF MBER OF MlER OF RFC DOLLAR G4IN
ID 0 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2248 827 0 27217.
2 750. 375 2250 657 7 -6641.
3 1500. 375 2250 482 2 23503.
4 2250. 375 2250 400 8 -6925.

TOTALS' 1500 8998 2366 17 9288.

E-1"6

1500 DISK STNO CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNMIN,XYIAX.XNPI,SASSALBETXEFFIPR: 750. 750. 15260. 1.000 4.00 1.00 I. 1

SUBFLEET TIME NUMBER OF NUMBER OF HUFJBER OF NUMtBER OF RFC n0LlAR CAI
ID S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

0. 375 2248 797 0 27817.
2 750. 375 2250 766 2 17797.3 1500. 375 2250 794 2 17263.

4 2250. 375 2250 757 2 10023.

TOTALS' 1500 8998 3114 6 2022.5

E-l"

1500 DISK STNO CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

XNIMIN,.XO1AX,XNPI,SASSAL,BETXEFFIPR: 750. 750. 15260. 1.000 4.00 1.00 I. I

3SUIFJ.EET TIME NUMBER OF NUMIER OF HNtUER OF NUMBER OF RFC DOLLAR GAIN
I S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 1121 0 21357.
2 750. 375 2250 1062 0 22556.
3 1500. 375 2250 1084 0 22116.
4 2250. 375 2248 1140 0 !0958.

TOTALS' 1500 8997 4407 0 21747.

E-54



15:00 LIES ST14D CAZE-HI RES PNOSE INSPECTICO
INSPECTIOtJ TIKN- SPECIFIED WITH CONSTANT SAFETY FACTOR. SFr6.00.

.41N.,XK -.'fX.,'4Pl.5ASS.,AlBETPXEFFsIPA= 750. 750. 15260. 1.000 4.00 1.60 0 . I

SJBFLEET TItME NUMER OF NUMt.R OF NUMtER OF UISER OF RFC COLLAR GAIN
D10 * INTRULUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENCINE

0. 37S 2249 t230 0 19177.
2 750. 375 2250 1163 0 20137.
3 1500. 375 2250 1216 0 19476.
4 250. 375 2249 1227 0 19237.

TOTALS! 1500 8998 4854 3 19507.

IE- 14

1500 DISK SPND CASE-HI RE5 flS INSPECYION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. VXZ.0O.

X2tI0N,XRIAXMXPI,SASSALBE1,XEFF.XPR= 750. 7SO. 152S0. 1.000 4.00 1.00 1. 2

SUMFLEET TINE NMHBER OF tUJIBER OF HNUMER OF FLttBER OF RFC DOLLAR GAIN
ID P INTROPUCEO ENGINE'S INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2248 701 1 ?4#401.
2 750. 375 .Z250 693 2 29936.
3 1500. 375 2250 654 0 30716.
4 2250. 375 2250 650 1 25455.

TOTALS, 1500 8998 2698 2 27627.

'Sea DI5K 5HI) CASE-HI RPEI PROB INSPECTION

INSPECTION TIME SPECIFIED MI-1 CWflTART SAFETY FACTOR. F314.00.

tH PXN"AXXNP •SASS AL T, E' F: • XFw" 750. 7fO. 15@60. 1.000 4.00 1.60 1. 2

SUSBFLF-T TI'hE FhIDER OF hItER Of 1UIEF Or" IlMSER OF NFC DOLLAR GAIN
10 ft ZIr1fR ED.iK;. ENGlNES INSPECTIOltS REPLACM:ENTS FAILURES PER ENGltt

1a 0. 375 .249 970 0 24377.

3 1506. 375 2,SO 927 0 252, .
4 nf5. 375 224' ?62 0 945;37.

TOTALS' 1500 6998 3802 a t2477.

L E-,-8



E-I

1500 DISK ST14O CASE-HI RES PROE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFElY FACTOR. SF:6.00.

XMIINXNMAX,XtrPISASSAL,BET,XEFF,IPP= 750. 750. 15260. 1.000 4.00 1.00 1. 2

SUBFLEET TIME NUMBER OF NUMBER OF NUtMFiER OF NUMBER OF RFC DOLLAR GAIN
Ilb S INTRODEUCED ENGINES INSPECTIONS RPLACEME14TS FAILURES PER ENGINE

1 0. 37p 2249 1080 0 22177.
2 2$•)3. 375 2250 1090 0 21837.

3 1500. 375 -2250 1054 0 2Z716.
4 2250, 375 2248 1128 0 21198.

TOTALSt 1500 6997 4360 C MO98M.

E-1i4

SETTFR CYCLE CCUFN 1500 DISK STND CASE-HI RES PROBE INSPCCTION

INSPECTION 1lME ••%CIFIED WITH CONSTANT SAFETY FACTOR. 5,!2.0C.

XUIIN,XWIAXXNPISASSALBETXEFFTPR= O. 750. 15260. 1.000 4.00 1.90 i, t

SUBFLEtT TIME NUtmBE OF NUIYER OF NUMBER OF NUMBER 0t RFC DOLLAR GAIN
D 2 '..TR,•DC'L,,' ̂".. ; 1NSPcL-surO M(EYLALCMENT5 FAILURES PER ENGlfff

1 0. 375 2'50 7!2 1 24218.
750. 37W gZSO 699 0 29816.

3 !500. 375 2250 669 0 30416.
4 2250. 375 22F0 724 1 240(2.

"TOTA L•S 150 9000 L1804 2 27113.

OETTER CYCLE COUNT 1500 DISK 57T0 CASE-HX RE'S PROBE INSFECilW
fltSPECTIQN TIME SPECIFIED WITII CONSTAUT !AECTT FACTOR. SF=4.00.

XtM,41Ir' AX,XNPISAS5,ALBETXEFFIP•= 750. 750. 15260. 1.000 di.00 1.0c i.

SUBFLEET TIME 1U5ER OF NUMBER OF t OF N4t.EP OrF arC OQLLA!t OA4N

ID P INTROGDUCED ENGINES INSPECVtON PEPLACEMP5IS FAILU4E$ PLI* C~tilt4

1 0. 375. 2250 1016 0 234V6.
2 750. 375 2250 103" t02317%.
3 1500. 375 e50 %t043 0 22937.
4 2z50. 375 2250 1071 0 E2377,

TOTALS! 1500 9000 4161 0 CLVV.

E-8"

U _!.,



S~E-1fl

BETTER CYCLE COUNT 1500 DISK STYCD rASE-NI RES PROSE INSPECTION

INSPECTZON TIME SPECIFIED WITH CONSTANT SAFETY FACION. SF26.00.

Si XeINPx1AX,XHPIS&SSAL,BET*XEFFhIPRý 750. 750. 1SM0. 1.000 4.0o 1.00 1. 2

: Soi.PFLEET TIME NiEROER OFF NUBMER OP OF .MIJER OF RFC DOLLAR GAIN

to 0 INTRODUCEVJ ENGINES INSPECTIONS REPLACEH•ENTS FAILURES PER ENGINE

1 0. 375 2250 1204 0 19717.
2 750. 375 2250 1'86 0 20037.
3 1500. 375 2250 1iC?. 0 20157.

T 2250. 375 2250 1188 0 20037.
STOTA L$ 1540 9000 4762 0 19987.•

E-167

800 DISK OLO CASE-HI RES PROBE INSPECTION
INSPECTVI3N TIME tPECIFIED WITH CONSTAHT SAFETY FACIOR. SF=2.00.

XMIHtXtlMAXst4X-SAgS•ALvOET•EFFIPI= 500. SO0. 15260. 1.000 4.00 1.00 I. 1

SUIFSLEET TIM-W NER OF Ntt.flE•OF N._FR OF MUMBER OF RFC DOLLAR CAIN
to0 INTRODUCED ENGINES INSPECTIONb REPLA\CEWiZ.,4T. FAILURES PtR irINH.

1 0. 200 4937 882 1s -53688.

2 0. 200 4924 699 16 -64402.
3 0. 200 5055 779 I1 -8240.

4i 0. 200 4950 871 11 -131310.

TOTALS; 800 19866 3431 53 -34865.

800 015K OLO CASE-HI RES PRO!E INSPECTION
INSPECTIO' •tIME SPECIFIED WITH COMSTANt SAFETY FACTOR. Sý.00.

XI•tN',)-'aXNPIýSAJ•.LBETXEFFIPt= 500. 500. 15260. 1.000 4.00 1.00 1. 1

SFLtCT T..W IPISER OF tIllER OF WL.MER OF NUMBER OF RFC DOLLAR GAIN

Vi' 4 • If;I•UE ENGINES INSPECTIONS REPLACENM.TS FAILUmE; PER EMPINE

S0, rOf% 45ZS 1315 5 Z5S6Z6.
0. 201A0 4563 1277 3 47463.

1 9. t0o 4547 1309 4 36338.4 c . too 4553 1281 10 -•Zg! 9.

YeTAst 400 ýtt86 slat 2; 21627.

ii I



C00 DISK OLD CASE-HI RE$ PROBE INSPECTIOR
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFr6.00.IXNMIN,XIlIAXXNIPI,SASSALBETXEFFIPP= 500. 500. ISZ66. 1.000 4.00 1.00 1. 1

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID N INTPODUCED ENGINES INSPECTIOtIS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 4197 1654 1 49271,
0 . 200 4207 1641 5 29779.

3 0. 200 4274 1580 2 43000.
T L. 200 4234 1628 2 40889.

TOTALS: 600 16012' 6503 a 40735.

E-170

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIIIE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNMINXNfIAX,XNPISASSAL,BET,XEFF,IPR 500. 75000. 15260. 1.000 4.00 1.00 1. I

SUOFIEET TfTlE NUMBER OF lUMBER OF NUMBER OF NUIMBER OF RFC DOLLAR GAIN
10 1 INTRODUCED ENGINES INSPECTIONS PEPLACEMFNTS FAY'URES PER ENGINE

1 0. 200 1526 631 65 -538188.
2 0. 200 .1549 628 52 -407961.

3 0. 200 1518 582 60 -485784.
4 0. 200 149 617 58 -467343.

TOTALS' 800 6062 2458 235 -4.'4019.

L-i~
800 DISK OLD CASE-HI RE5 PROBE 114PS "TION

INSPECTION TItlE SPECIFIED I1TH CONSTANT SAFET, FACTOR. $F=4.00.

XNtIIN,XtmA•x,\NPI,SASSALBET.XEFFIPR: 500. 75000. 15260. 1.000 4.00 1.00 1. 1

SUBFLEET TIME HNUMBER OF NUMBER OF LtMER OF NUMIBER OF RFC COLLAR GAIN
ID i INTRODUCED ENGINES INSPECTIOttS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 2176 915 31 -212608o
2 0. 200 2450 905 20 -102003.

3 0. 200 2230 908 20 -102449.
4 0. 200 21 904 24 -14i946.

TOTALSt 800 8777 3632 95 -139767.

E-CS



E-1 78

80 %S L CASE-HI RES PROBEr INSPECTION

INSPECtIO4 TIhE SPECIFIED WITH CONSTANI SAFETY FACTOR. 5Fr6.00.

X~itIt4,N?1AXX'1PISASSiALBETXEFFIPRý 500. 75000. 15260. 1.000 4.00 1.00 1. 1-

SUBEI.E! TIME NUMBER OF NUtICER OF NUMIBER OF NUMIBER OF RFC DOLLAR VIMh
101it INTRODUCED ENGINES INSPECTIONS REPLACE.MENTS FAILURES PER ZK.LINE

0.200 2789 1234 8 13e7.

20. 200 2739 1189 1346Iý1
0.a 200 2816 1275 8 -451.

E-173

800 DISK OLD CASE-11! RES PROSE INSPECTION
INSPECTION T IME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABSE FAILURn PISVOflhLITYlO.f0IP.,

XNHINPXNMAX.XNPI,SASS.AL,SETSXEFrPIPR= 500. 500. 15260.laijr-) 4.00 1.00 1. 1

f SUBDFLEET TIME lmt:l~R ut- rMirtER Dui NiA-6hER O T ~~r~~ rrtz DOLL-f ens-%
ID I INTRODUCED ENGINES INSPECT10tIS REPLACEMENTS FAVUMrs PERENI?

10. 200 3714 2150 4 535L65.
2 0. 200 -3721 2145 1 255%4.
3 0. 200 3713 21580 16
4 P.200 3705 2,177 Q344Z1.

TOTALS' 800 14853 86ifi 1 32E.64.

E-174

800 DISK OLD CASE-H! RES Si ¶'1TF %SPt:C1IJN
INSPECTION TIME SPECIFIED WITH STATIt !C44L LIPIAlE. ?MX ALLOWAVA1E P.ILUME PRVOUASILITVOý.005w..

XDIN~t.XN*A'C,XNPI.SASSAL.BET*yj7F.IP~R= 500. 500. I152-4, 1.000 4.0k 1.60 1. 1

StMFLEET TitlE ?AJYEI OFtIa~b OF wxkNER Op iUtt.R Of IM DULIAk WAh
ID* INIiODUCED ENb&flt5 IN.RFE'ýTI0HS SRLPLACEMNLNTS FAILl'~t3 PIN UCIN~lf

C. 20C.0 3886t I9z0 * o18
o . .1C0 40017 1 Ic- 0 b1i ItJ.

3 S. 200, 4 6 r t a6 0 SC5 e
.4 0. 200 39 1!4 184!904Ut

TOTALSs 600 15848 7375 1 46M.



E-175. "-

V%0 DISK OLD CASE-HI RES PRt1i+ TISPECTION
JNSPEC1ION 1"I1IL SPLC'FICO !77H JSATIXTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=O.0200.

rN?1ttI,X, 7 .)kNPIS ASS, AL BtV ,XEFF, -PR 5GO. 500 15260. 1.000 4.00 1.00 1. 1

SUBFLEE? TItlE NLRtI3k OF ,UUCER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
Io # INTROPLnCED ENGCItES IN•,£4TION! REPLACEMENTS FAILURES PER ENGINE

1 0. 200 4797 S0114 a 9243.

2 0. 4^0 4713 Ills 12 -34903.
C. 479. 1039 5 39140.

,.0. d'O0 •761 1069 9 -2440.•-

TOTALS: 800 19074 w'*52 34 2760.

E-Iie•

6&3!' DISK OLD CAS1.-ItI. RES PROBE INSPEC1•ON
LNSPECIXk 'ýIll' SPE IFXEC HTi STATiSFIAL UFDAJE. H.X ALLOWABLE FAILURE PROBABILITY=O.0010.

Y~m.YrA.P-LSAS.L~L1XFhZR= 500. 75000. 15260. 1.000 4.00 1.00 1. 1

SUiF LEIEI ±in: nttEi OF hr:onEiE ff iFiiBEi OF 1VrIflnl r OF -- CDOLAR GA."!
ID I lNTRODJC.ED Lt?4CNLS 1N3PECTIOHN REPLACEMENTS FAILURES PER ENGINE

1 0. 200 3058 2005 0 43468.
2 0. 200 -308. 1947 3 16220.
3 0. 200 301t ¶071 2 24638.

0 0. 266 3043 1941 0 46407.

"IUTALS; 800 Q2156 78(, 5 32683.

E--1? 7

000 LPZH CLO CASE-HI RES PROBE Iht%-ECTIOH

I 1S1PECU103 llh SP'ECIFIEDJ WiZI) FTATISTIC*: UPDATE. MAX ALLOWABLE FAILURE PWOBAILITY:O.005O.

X)1ItJ,XN1AX,XNPIAss.AL,BET,XEFF,II'R= WOO. 7!0100. 15Z60. 1.000 4.00 1.00 1. 1

•L; I''Ir IPEEr TIME ,IBrER OF KItBEP I(IF SIR OF NUMtBER UF RFC DOLLAR GAIN
II. X%'.•-YTLUCEO E1431?451. NSPECTIONS REPLACEMENTS FAILURES PER ENGIHE

1 0. 200 2506 1714 3 28297.

2 0. 200 L449 1"06 5 8842.
I3 0. V30 246, 167Z 9 -29842.14* 0. 2.30 2451 1668 4 19432.

TO CALt'a, tO 9A67 6780 21 6682.,

I_-
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IE-178,

800 DISK OLD CASE-HI RES PROBE INSPECYION
INSPECTION TIME SPECIFIED WITH STAIISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0200.

XNt1INXt#1AX,XNPI,SASSALBETXEFFIPP2 500. 75000 15260. 1.000 4.00 1.00 1. 1

SUDFIEET lIME N4J1IER OF NUMiBER OF NMJBER OF HUtaER OF RFC DOLLAR GAIN
10 3 INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FALLIES PER ENGINE

1 0. 200 2154 1031 30 -208121
2 0. 200 212 1048 V2 -128214.
3 0. 200 2153 1098 26 -17127(.
4 0. 200 2118 5015 19 -97541.

TOTALS' 800 8552 4192 97 -151413.

E-179

1500 TEST SPECIMEN ISTRES:2 CASE-HI RE3 PROSE INSPECTION
INSPECTION TlIE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

XIKIN.XtITIAX.XNHPISASSALBET,XEFF,IPR= 750. 75000. 23029. 0.900 4.00 1.00 1. 3

rL T.E .fQ OF NUMBER OF NMBER OF NUMBER OF RUC 00•LJ* GAIN
ID INt4IRWCUCED ENGINES 11tSPECTIOtS REPLACEMENTS FAILURES PbZH iwtiiii

0. 375 534 58 41 V7016.
2 750. 375 529 45 35 ;9691.
3 1500. 375 541 54 43 *633N
4 C250. 3;5 537 5s 41 2'.169,

TOTALS! 1500 2141 215 160 ef62,

1500 TEST SPECIMEN ISTRES=2 CASE-HI RES PROSE INSPECTION
IN!PEClION TIME SPECIFIED WITH CONSTANT SAFETY FAC•OR. Sr=F.00.

XMtIN,XtIWAXXNPISASSALBETsXEFF,IPR 750. 75000. 15260. 1.000 4,00 1.00 1; 3

SUB t LEET TIME tvk1MER OF R4N1BEW OF HNtIER OF lARSER Or RFC COLLAR GAIN
O * INTRODUCED Eh•CNE5 INSPECTIONS REPLAL'r'rNTS tAILURES PER ENGSIM

1 0. 375 933 77 25 IL875.
2 750. 37f 93 643 is 37,68.
3 1500. 173 9"1 72 33334.
4 2210. /75 931 76 lb 348S3.

TOTALS, 1500 3716 208 64 34%0.



1500 TEST SPECIMEN ISTRES=2 CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY0.0S0.

XNMIN,XNMAX,XNPI,SASSAL,BET,XEFF,IPR= 750. 75000. 23029. 0.900 4.00 1.00 1. 3

SIRFLEET TIME NUMBER OF tlU1BER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID S INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

I0. 37S 853 246 25 29398.
2 750. 375 880 246 11 35103.
3 1500. 375 868 219 21 31611.
4 2e50. 375 668 217 19 32482.

TOTALS: 1500 3469 928 76 32149.

E-182

1500 TEST SPECIMEN ISTRES:2 CASE-HI RES PROBE INSPECTION
±t!N',ECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0500.

X1.;III.X141AX.XNPI.SASS,AL,BET,XEFF,IPR= 750. 75000. 15260. 1.000 4.00 1.00 1. 3

SJUBFLEET TIME NUMIBER OF FLtIBER OF NUMBER OF NUMER OF RFC DOLLAR GAIN
ID03 INTRODUCED ENSINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 1151 274 17 31941.

2 7590. 375 1175 253 a 36031.
3 1500. 375 1154 235 17 32803.
4 2250. 375 1030 217 11 15651.

TOTALS: 1500 4510 979 5334 .


